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ABSTRACT 
Dynamic features of coastal waters can be detected and monitored 
in s1:)quential photography by: (1) pattern interpretation, (2) simple 
comparative analyses, (3) matching of positive-negative pairs, and 
(4) comparative densito�etry. Procedures for densitometric analyses
of temporal changes are given. Application of the procedures is 
demonstrated by analyses of tones representing suspended sediment and 
plankton in the James estuary and lo\ver Chesapeake Bay. 
Field and photographic studies revealed four types of water 
color boundaries that form either in local convergence zones of sec­
ondary currents or where water masses of different origin meet. Color 
changes were partly due to s1::diment concentration differences and 
were sometimes manifest by microplankton community changes, but 
the relationships are complex and variable. 
I • INTRODUCTION 
C f tl Changing in con-oastal eatures are so dynamic, const�n Y 
tent and position in response to waves, tides and man-made stress,
they are difficult to characterize and monitor over large areas.
The scientist or coastal engineer is often faced with a number of
questions, for example: How stable are the sedimentary materials
of tidal inlets and estuaries? Where are suspended pollutants
transported? What is the circulation pattern and direction of
sediment transport? What are the effects of storms and floods?
- the environmental impacts of man in his effort to fill land and
dredge channels? Many such questions can be partly answered by re­
mote sensing techniques. 
The distribution of coastal biota undergoes continual change, 
both in response to natural environmental change and because of hu­
man manipulation. Detection of that change is often very difficult, 
but may be of great importance in monitoring effects of land use, 
pollutants, dredge and fill operations, etc., and in following the 
variation and recovery of biotic communities. Biological work in this 
project has concentrated on determining whether plankton communtiy 
distribution dynamics may be studied using remote sensing techniques, 
and whether field measurements of plankton distribution may aid in 
interpreting the distribution of water color seen in the imagery. 
Satellites and repetitive aerial flights are capable of generat­
ing volumes of sequential photography but procedures for its analysis 
are not fully known. For example, how can the tonal appearance of ' 
coastal water in aerial photographs be used to analyze their content 
and movement. 
1. Objectives:
This report aims to show how temporal data can be extracted from
sequential photography and reduced to useful information about the 
dynamic distribution of suspended sediment and phytoplankton in 
coastal water. Specifically the objectives were: 
1. To identify what time-dependent coastal features can
be sequentially ''sensed'' and detected at various time
scales.
2. To develop interpretation techniques and analytical
pro8edures for analyses of dynamic features from se­
quential photography.
3. To relate these features to water masses and circu­
latory distributions of microplankton populations and
sediment load.
4. To utilize the analytical procedures on a series of
test sites representing different environments in the
Chesapeake region to demonstrate application to features
that require monitoring.
2 
II, BACKGROUND 
As defined by Colwell (1968), the term 11sequential photography 11
pertains to photography taken of any given area at two or more dif­
ferent times, By comparing images in a sequence of photographs, 
certain time-dependent features may be detected or discriminated, 
changes evaluated and time-history determined. There are two prin­
cipal aspects to utilizing the time element: 1. A ''sensing 11 aspect 
in which the characteristic temporal variations of a feature's reflect­
ance, or emittance, are used for detection and identification. 2. A 
change detection aspect in which differences in a feature's shape, 
position or tone from time to time are utilized to determine water 
movement or variations in content. Thus, sequential photographs may 
be used to sense changes in the amount of reflectance from nearsurface 
water as well as to determine varying position and shape of tonal 
anomalies. 
During the past twenty years sequential photographs have proven 
useful for measuring shoreline changes (e.g. Moffitt, 1969, Stafford, 
1971) and for documenting the history of shoreline development. Time­
lapse photos were used by Zeigler (1957) to record changes in beaches, 
bars and inlets along the U, S, East Coast. Berg and Hawley (1971) 
developed a time-interval photographic system for recording dynamic 
littoral phenomena. By recording successive positions of moving 
targets in surface waters, circulatory routes were traced in sequential
photographs by Waugh (1963) and Keller (1963) in Charleston Harbor
and by Waldichuk (1966) in the Fraser River mouth, In a similar manner,
time coverage of materials seeded in hydraulic models has provided a
means of visualizing flow. Cameron (1965) made use of a stero time­
lapse technique to measure tidal currents,
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For agriculture and forestry resource studies, Colwell (1968) 
amplified the use of sequential pho:os as well as corollary multi-
image analyses and enhancement techniques. A method for automatically 
classifying crops from sequential photographs is given by Stein,2r (1970) · 
The use of remote imagery to study changes in benthic vegetation
is reviewed in Conrod, Kelly and Boersma (1968), Kelly, (1969), and Kelly 
and Castiglione (1970). The study of plankton communities using remote 
sensing has seen much less work, however, and none of the work has 
considered the sequential change, although the possibility was discussed 
by Kelly and Castiglione (1970).
There has been so:ne study of the possibility of the detection of 
phytoplankton chlorophyll using remote sensing methods, either by 
m2asurement of the spectral characteristics of backscattered light or 
by refluorescence after excitation with UV laser , although no work 
has considered sequential analysis. If these tentative methods could
be used with imaging systems they might be useful in following changes 
in the distribution of phytoplankton chlorophyll.
From satellites, sequential photographs have recorded the move­
ment of weather patterns (e.g. Sikdar and suorni, 1971) as well as
large-scale changes of pack ice, dust storms and certain terrestrial
features (Sissala, 1972)'. McClain and Baker (1969) developed com­
puterized techniques for differentiating clouds and snow by utilizing
the time element. However, the sudden development of sensors and
acquisition of data has proceeded so rapidly 
1in recent years that they
have nearly outpaced our ability to analyze the information sensed.
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III. RATIONALE FOR SENSING
1. Temp�ral Phenomena
Nearly every aspect of the physical environment displays change. 
And likewise the biological world is markedly time-dependent either in 
response to physical changes or as independent natural functions (Brown, 
1959). such changes are often cyclic or periodic, but others are semi­
periodic or 11free-running lT over long periods or occur in response to 
human manipulation. It is the strong temporal character of coastal 
features that provides a means for remote detection of coastal changes. 
Any time variation that is characteristic and distinct has diagnostic 
value. 
The temporal character of coastal features emerges mainly from 
the periodic nature of coastal processes that affect a feature's size, 
shape and position, or its content and composition. Such time-dependent 
features include wave swash and backwash, tidal submergence and ex­
posure, ebb and flood suspensions, melting and freezing and fluctuations 
in transported populations. Tempos of change CO"Jer a wide spectrum 
of time scales spanning minutes, hours, days, months and years. Figure 
1 shows ·the distribution of temporal phenomena at different time scales 
and various geometric scales. Table 1 presents the time scales re­
quired to detect the phenomena. 
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COASTAL FEATURE 
Sea State 
Swash-Backwash 
Rip Currents 
L<:mgshore Currerts 
Freeze-melting 
Diel migrations :-
Water temperature 
CJ) 
Tidal exposure-
submergence 
Tidal fill-scour 
(suspensions) 
Tidal inlet plumes 
Plankton blooms 
Upwelling 
River flood-droUJlt 
Turbidity maximum 
Salt-flat changes 
Bio-migration 
Benthic plant 
succession 
TABLE I. Time scales of different coastal phenomena. 
TIME SCALE 
Minutely Hourly Solar Day Lunar Day Weekly Bi-Monthly 
(24-hour) (24.8-hour) 
Q 8 
$ 
0 G 
G 
0 � 
G 
e 
0 • • 
CD e e 
e e 
• G 
Q 6) 
0 
• 
Monthly 
0 
0 
• 
G 
G 
0 
• 
0 
Yearly 
e 
0 
• 
(\) 
I 
I 
Most timing is derived from primary movements of the sun, moon 
and earth, but fluctuations of high energy radiation and magnetic 
fields may also be active. For example semi-periodic wave action pro­
duces swash-backwash changes covering minutes and groups of waves 
create pulsing rip currents over a period of minutes to hours. The 
earth's rotation relative to the sun produces a 24-hour period with 
periodic fluctuations in light, humidity and temperature which lead 
to alternation of day and night, heating and cooling, melting and 
freezing 0 Rhythmic features with nearly the same period, 24,8 hours, 
107 
_. ____  SEA_ 
STATE 
YEARLY MONTHLY WEEKLY DAILY MINUTELY 
---TIME SCALE---
Figure 1. Time scales of so�e temporal coastal features at different 
geometric scales. Full range of geometric scales for each 
feature is not shown. 
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are produced by rotation of the earth relative to the moon. Most con­
spicuous is the 12.4 or 24.8-hour rise and fall of the tide and ebb­
flood currents which create variations in tidal turbidity (suspensions) 
and patterns like inJe t plumes. 
Superimposed on the lunar-day cycles are lunar-monthly cycles of 
29.5 days manifest in neap and spring tidal ranges with changes in tidal 
exposure and submergence. As the earth orbits about the sun with its 
tilted axis, seasonal changes in light, temperature and tide occur which 
give rise to variations in freezing and melting and indirectly, fluctu­
ations of upwelling and river flooding,and biocommuntites,associated with 
seasonal changes of wind and weather in temperate regions. Longer-
term changes relate to changes of sea level or to non-periodic events 
such as volcanic explosions and tsunamis. Then too, many long-term 
features like sedimentary infilling or scour proceed continuously 
toward some kind of dynamic equilibrium. But the most pronounced 
temporal features are those having short-time scales, hourly and daily, 
and large geometric scales or amplitudes. However, these time sea.le s 
a.re also the most difficult to sense and.measure photographically be­
cause the sensing energy varies with nearly the same time scale. 
Two types of coastal biota seem amenable to temporal study. 
The distributional change of shallow benthic vegetation communities 
can be determined, and it should be possible to monitor changes of 
near-shore plankton communities, which are very important in coastal 
ecosystem dynamics. Detection of changes in the distribution of 
benthic communities has been discussed for a variety of environments 
in previous reports (Conrod, Kelly and Boersma, 1968; Kelly, 1969; 
Kelly and Castiglione, 1970), and examples are given in a subsequent 
section of this report. Pollution and the effects of man-made stress 
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may also be monitored using changes in patterns of benthic vegetation. 
Briefly, dredge and fill operations may be monitored in all coastal 
areas, and their widespread effects may be seen. The effects of thermal 
pollution have been monitored in Biscayne Bay. Seasonal change in the 
eutrophic :growth of green algae may be seen over very large areas near 
New York City and Long Island. These changes show both seasonal and 
lo�ger-term variation and may be seen in remote imagery. 
2. Time Sensing
Time sensing is based on the fact that a feature reflects or 
emits electromagnetic energy with a specific and distinctive frequency 
or period. At infrared wavelengths, time variations are mainly due 
to cyclic heating and cooling. Because contrasting coastal materials 
like mud, sand and water differ widely in their heat capacities and 
radiative behavior, diurnal changes are especially strong at wavelengths 
longer than 4µ. At visible wavelengths time variations are mainly due 
to changing reflectance. Such changes however, are influenced by many 
factors. 
The quality of light backscattered, its spectral distribution 
and its intensity, depend upon the 'types and distribution of suspended 
and dissolved material. This is in turn determined by the past history 
of the water, and thus different water bodies should produce different 
backscattered light. Since the plankton community in a water mass or 
water body is also determined by its past environmental history, it 
might be reasoned that the distribution of backscattered light should 
provide information on the distribution of plankton. However, a part 
of the backscatter in a sequence of photos is often due to changes of 
solar intensity and direction of incidence, Another part may be due 
to changes in atmospheric scattering, or absorption, or to changes in 
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surface roughness which affect reflection at the surface. Additionally, 
spectral reflectance of the water may change temporally with changes 
in depth or light penetration. In shallow water reflectance 
may preferentially vary with the amount of light backscattered from 
the bottom. There fore, when a sequence of photographs is obtained, 
the reflectance recorded (on the film) is affected by variations in 
energy from the water surface and the water column as well as the bottom 
( Figure 2). While these factors appear to limit analysis, in practice 
they may be controlled or exploited within 
SURFACE 
WATER 
BOTTOM 
SUNLl,�HT \.\ 
I 
' \ ,/A '' \ I 
\ \ 
Absorption\ 
certain limits. 
A- Atmos pheric
scatte ring 
S -Surface roughness 
a. r e f I e C t i O n
Figure 2. Factors affecting the temporal variations of reflectance 
in coastal water, schematic. 
\. Water Color and Suspended Particles, Microplankton 
Our work was undertaken partly to relate varying color of 
coastal waters as seen in aerial and satellite photography to the kind 
and amount of suspended material distributed by water movement and 
·mixing. Color variations often occur as sharp interfaces that repre­
sent boundaries between different water masses. Such water color
interfaces are common in lower Chesapeake Bay and similar interfaces
are seen in aerial phqtography off Montauk Point, Long Island, the
Cape Cod islands and many other coastal waters throughout the world.
The chief problem is to determine how to use the color changes as seen
,10 
in sequential photography to better understand dynamic coastal processes. 
Since tone and color patterns produced by suspended materials ap­
parently relate to particle sources and water movement, an attempt was 
made to identify the character of the water, its suspended load, ancl 
different types of particles, especially microplankton. 
Phytoplankton community composition is usually very sensitiv,2 
to change in water masses, and each species in the community represents 
a separate parameter that may be used to characterize the water masses. 
If th::re are any significant water mass differences associated wi·: h 
water color changes they must be shown by changes in the species 
composition of the phytoplankto:i community. This allows the differ-
ences in water masses to be objectively judged using a large nu�ber 
of parameters. 
It has long been recognized that the distribution of plankton
is patchy, especially in coastal waters, and that the distribution is
strongly influenced by coastal currents and mixing processes. This 
is discussed in Appendix I .. The patchiness has however been very 
difficult to delineate because it has been difficult to sample a large 
area in a short enough time to eliminate the effect of current trans­
port, and because it has been difficult to select sampling stations so 
as to best determine the distribution of patchiness. If, however, 
this uneven distribution could be delineated, and if it could be re­
lated to current transport, it should be possible to use the phyto­
plankton community distribution to help interpret the distribution 
and movement of areas of contrasting water color seen in aerial 
photography. This in turn would allow the photography to be used 
for better sampling of phytoplankton. One of the main purposes of 
this study was to investigate this idea. 
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IV FIELD STUDIES 
1, Profile of the Site: 
The James River estuary-Lower Chesapeake Bay area lies in a 
submerged course of a former river valley system drowned during the 
recent rise o: sea level. During its history of development it has 
changed configuration. And these changes, as well as changes in watel.\ 
character, are still active today; their pace has been accelerated by 
man in his use of the estuary as one of the world rs major ports, Hampton 
Roads. 
The present James estuary is narrowly funnel�shaped and relative1y 
shallow. Water depths average 3.7 m but vary from less than 1.s m on 
bordering shoals to more than 8 m in the axial channel. With an 
average width of 6 km, the width-to-depth ratio is 1,620 to 1. Thus, 
the estuary is essentially a shallow "pan"; and photography of its 
surface offers information in an important dimension. 
Configuration of the James is displayed in an infrared photo 
mosaic taken at 18. 3 km (60,000 feet), Figure SA. From the head of tidal 
reaches at Richmond the James flows 145 km across a coastal plain be­
fore emptying into lower Chesapeake Bay. Along its course four large 
tributaries lead into the estuary; the Appomattox, Chickahominy, 
Nansemond and Elizabeth rivers. Most tributaries are bordered by 
wetland marshes drained by small tidal creeks. At Hopewell the river 
is both a source of industrial water and a site of waste disposal. A 
11Moth-ball" fleet occupies a narrow reach at Mulberry Point and farther 
seaward extensive oyster reefs, renowned as the best natural seed beds 
in the world, cover shoals and channel banks. At Hampton Roads the 
estuary provides a harbor serving ship facilities of the U. s. Navy 
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and large transhipment facilities of the coal industry. The harbor 
mouth is slightly narrowed on the north and south by wave-built 
spits which act to constrict tidal flow through the entrance. At 
the entrance, James River water merges with that of lower Chesapeake 
Bay which drains seaward into the Atlantic through the Virginia 
Capes, Cape Henry on the south and Cape Charles on the north. 
The chief movement of water is produced by the tide although 
waves are important at times o� the shoals. The tide ranges 70 cm 
on the average and currents vary from nearly Oat slack water to 
40 cm/sec or more at maximum current 3 hours later. Although the 
cross-sectional areas of the estuary increase with distance seaward, 
tidal velocities vary within narrow limits along the estuary length 
and in lower Chesapeake Bay. Current speed mainly varies with time 
at one point over a tidal cycle and current direction at one point 
reverses every 6� hours. The circulation is well known from extensive 
field observations and hydraulic model tests (NOS, 1972)(Nichols, 1972). 
The tidal currents contribute to intensive mixing of fresh and salty 
water; they reach velocities capable of scouring mud from the bottom 
more than 50 percent of the time. 
Salinity, turbidity, biological populations, and related parameters 
vary with distance downstream as part of a broad seaward changing 
gradient. Surface salinity ranges from nearly zero %0 at the head near 
Jamestown to 24 %oat the James mouth and 28 %o off Cape Henry. High 
river inflow in the spring limits salty water to 38 km above the mouth, 
near Mulberry Point, whereas low inflow in fall permits salty water 
to penetrate 98 km above the mouth to Weyanoke. With the seasonal change 
in salinity there is a change in the vertical structure of estuarine 
13 
water from moderately stratified to well-mixed. 
The amount of suspended material which renders the water turbid, 
ranges from about 30 mg/1 in the river to 65 mg/1 at the inner limit of 
salty water, Farther seaward concentrations fall to 3 or 6 rng/1 in 
lower Chesapeake Bay. This decrease is mainly due to dilution by less 
turbid salty water, but some material must settle out by gravitation. 
Although floculation has not been observed in the James there is a slight 
seaward decrease in mean particle size from about 2. 5 µ near the head of 
the salt intrusion to 4.0µ near the James mouth, Besides the change in 
size and concentration, which may affect the character of reflectance, 
there is a broad seaward change in particle composition along the tur­
bid gradient. Inorganic particles, consisting mainly of sediment (Fig. 
3A) predominate mainly in the upper estuary whereas organic particles, 
(Fig. 3B) chiefly microplankto�, are relatively more abundant in the 
lower estuary and lower Chesapeake Bay. 
Figure 3A-B. Microphotographs of suspended materials (A) in the 
upper James estuary near Jamestown and (B) in lower 
Chesapeake Bay, 30x. 
The most pronounced feature of turbidity is a maximum near the 
inner limit of salty water. Concentrations in the maximum are higher 
than in source river or estuarine water. The suspended material most 
likely accumulates in a convergence of downstream flowing river water 
and upstream flowing estuarine water. As a result of the high tur­
bidity in this zone, organic production is diminished as suggested by 
low chlor9phyll na n concentrations but phosphate is relatively high 
14 
(Nichols, 19 72) . 
Concentrations of suspended material vary with current speed and 
with time over one-half a tidal cycle or longer at one point in the 
estuary. As shown in the time-depth distributions of Figure 4, the 
variations are most pronounced near the bottom but they also occur 
near the surface. About 20 percent of the load remains in suspension 
at slack water whereas the rest is alternately suspended from the 
bottom and settles;,..out within 6� hours of tidal flow. This tidal 
fill and sco:.ir process produces a change in concentration of surface 
water mainly in the middle and upper estuarine reaches. Farther 
seaward in the Lower Bay, such variations are small in surface water;
they are mainly limited to water over shoals less than about 4 meters
deep. 
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Figure 4. Characteristic time variation of total suspended con­
centrations in relation to current velocity in the 
middle James estuary. 
Following periods of flood, freshet, or intense wind-wave mixing 
turbid features are vividly displayed in high altitude aerial photo-
15 
graphs. Both the broad features of the turbid gradient and the fin2 
str:1eture; of transient features can b2 discerned. As show.1 in Figur2 
SA, a mosaic of the James prepared from 18.3 Km (60,000 foot) co1rJr 
. 1 
u1frared photographs , the turbidity maximum can be clearly seen as 
a light-toned patch near Jamestown in contrast to darker-appearing 
river and estuary water. The broad tonal change, which represents a 
turbid gradient, is sharper downstream of the maximum than upstream 
because the tidal current was flooding at the time of photography. 
llcn:;itorrr�tric plots representing the instantaneous distribution of
r>2flectance in sediment-laden water (Figure SB) show different wa4:::,-=:r 
mass interfaces (i), shear zones (s) and patterns of 11 fine fabric n that
generally parallel the direction of flow along the estuary axis. Dark
tones of channel water contrast with light tones in water ov2r cJd jacent
:c;;boJls laterally with distance across the main estuary. This trend 
reflects the vertical gradient of suspended material borne by the 
tidal currents. Laterally the distribution of concentrations at 
depth generally follows the bottom topography. Thus, coastal waters 
of the site display many different features through a range of con­
ditions from the river to the sea.. Many of these features shoJ.ld also 
be present in other well-mixed u. s. East Coast estuaries. 
A number of interfaces between waters of contrastin,J color are 
seen in the study area. These change with the tides, but are usually 
t'ecurrent at the same time in the tidal cycle. They thus m:1st b,2 
Procedural details for laying mosaics of color infrared photogruphs 
are given in Appendix V. 
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Figure SA. Coc1fig,n'ation and wa·cers of t::h,::: Jamc�s Estuary sh::Y.vn in 
black and white reproduction of a color infrared photo 
mosaic. Photography taksn froml8.3 km (60,0'.JO feet), 
Sep::ember 15, 1969, 21 days after flooding of Hurricane 
Camille. 
Figure SB. Corresponding jistribution of film density compiled from 
analyses of si-1gle photos i 1 3 Joyce Loe,bl_ microdensi­
tOJTk,ter. City of Newport News indicated jy N .N,:::ws; 
Norfolk, Nf; Jamestown, Jt; tributaries, Chickahominy 
River, ch; Nansemo�1.d, ns. Location ,:)f turbidity maxi­
m1� rep�esen�ed by low film density (high brightness), 
l" 0 -co 1. 3. Mp is Mulberry Point. 
Figure SC. Distribution of sal i.nity at i::h1:>. tiIDt2 of photo,;:rra,;:i1:1y 
September l5, 1969. Direction of tidal current at time 
of pho'.::ography and relatiye velocity: <tJ> slack w3.ter, 
-... late flood, � maximum flood, �-= 2arly flood • 
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related to the tidal circulation. They are visible in repetitive 
coverage obtained over a period of years and thus are important 
features as discussed elsewhere in this report. The area chosen 
for intensive study was an interface extending in an arc east from 
the north shore of the mouth of the James River. This interface 
was sampled extensively during June 1971 and again during aircraft 
overflight, in October 1971, 
Our approach has been to measure a n'Jmber of paramE::ters ch3.racl:er­
istic of the water masses, i.e. temperature, salinity, color of sus­
pended material and phytoplankton communities by composition; and 
parameters that determine the quantity or quality of reflectance, i.e. 
total suspended load, chlorophyll-a, content, secchi disk depth, and 
optical ratio (ratio of scatterance/transmittance). The surface studiAs 
were conducted in two phases: 
1. Surface observations and sampling in .June, 19 71 during
a period of high river inflow. These obs,::rvations w,;re
made co�current onli with visual air observations from
a helicopter.
2. Surface observations and sampling concurrent with 3.erial
phot� coverage in October, 19 71, a p,eriod of relatively
low river inflow.
The sampling plan and methods used in the June phase is given in 
Appendix r. In the October ph:i.se water samples were collected and 
observations made concurrent with repetitive aerial p�otography accord­
ing to three scbemes: (1) a broad network of stations in lower 
Chesapeake Bay occupied mainly by helicopter (2) a series of 5 tog 
stations along 4 transects across the James estuary occupi,=:d by boat, 
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(Figure 6), and (3) closely spaced stations in the vicinity of inter­
faces and water color boundaries seen from the boat or helicopter. Cur-
rent speed and direction "Were not directly measured inasmuch as thi':c:sc 
parameters are fairly well known from NOS tide tables and hydraulic 
model studies in the estuary. However, over a broad area of the inner 
shelf southeast of Cape Henry where the circulation is less well 
known, fluorescein dye tubes v.12re dropped and targets of pap,2r strips 
and a.luminum paper were seeded in the estuary. In addition, surface 
wind speed and direction as well as tidal height measurements were 
obtained from ongoing fixed stations of federal agencies. These 
then are basic surface observations used to calibrate and correlate 
aerial photography and infrared imagery. They allowed the general 
distribution of the parameters to be understood, and then let us 
determine if areas of contrasting water color change represent 
boundaries of water bodies and thus areas of rapid variation of the 
parameters. 
3. Field Methods
Collection of samples during the October phase was carried out 
either from runabouts or from a Coast Guard helicopter while hovering 
at altitudes of 1 to 2 m or landing on the water surface. Visual 
observations of surface features like color boundaries were made 
along the line of flight of the helicopter or along the running path 
of the boat. The location of features observed were plotted on a 
cha.rt in the field and special features were photographed with a 
hand-held 35 mm.camera. Stations were positioned by sighting or 
ranging on bouys and landmarks which are common throughout the area. 
Stations occupied are listed in Appendix II. Samples of surface 
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water w2r2 collected with a bucket and temperature was measurc!d with 
a stem thermo�eter brought to equilibrium within 30 seconds. Wat8r 
was pour2d into precleaned quart masori jars and returrn�d to the 
laboratory for analyses. Most samp.le s were run within 8 hr. after 
recovery without being fixed with preservati0es except for micro­
plankton samples which were preserved with 5 ml of tincture o: iodimi. 
_:!,:_haboratoEZ_Procedures 
The optical ratio, or logarithmic ratio of scattered to trans­
mitted light, wa.s measured in a Southern Analytical suspended solids 
analyzer. An aliquot of 300 ml of sample w-c1ter was introduced into 
the analyzer flow cell through the bottom and the ratio read after 
10 seconds. Su::;pended concentrations w.:re measured gravirn,2trically. 
A measured aliquot of about 50 tq 200 m.l of sample water was filtered 
:.::hrough tared AA Millipore or Nuclepore filters with O .8µ pore size. 
Filters were initially leached of soluble materials and weighed in a 
d2humidi fied roo.11 of constant humidity. Control filters were processed 
using distilled water. 
Color of suspended material collected on the filters was de­
termint'�d by comparing the wet filter with color chips in the Munsell 
Book of Color Each color is defined by hue, value and chroma. Hue 
refers to the primary colors of the spectrum; value refers to thr=: 
property of lightness and chroma refers to the degree of saturation. 
Each color shade is defined by a specific letter and number code: e.g. 
Sy 4/3 in which Sy refers to hue, 4 refers to valu,e and 3 to chroma. 
Because the thickn,ess of material on the filters varied somewhat from 
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sample to sample color becomes darker, with increased thickness. 
Chlorophyll, a phytopigment, was determined by initially filter­
ing a measured volume of about 400 ml of sample water through a 
Whatman GF/C s.s cm glass fiber filter. Filters were stored in 
dessicators and processed within several weeks. Each filter wa.s 
ground with a teflon homogenizer, mixed with 10 ml of 90 percent 
acetone, and centrifuged for one minute. Fluorescence of the extracts 
was measured in a Turner fluorometer with the scale 11zero,ed TT against 
90 percent acetone and the fluorescence was converted to concentration 
of chlorophyll-a in the original sample. 
Salinity of sample water was determined to 0.05%0 with a Beckman 
model RS-7A inductive salinometer. 
Microplankton samples were concentrated by filtering 1 liter of 
sample water through a 35µ aperature sieve. They were then centrifuged 
to 0.4 ml and several 0.1 ml aliquots were pipetted onto a slide and 
counted in toto. The samples were preserved with tincture of iodine. 
Counting techniques follow Kelly (1968) and those given in Appendix I. 
They enumerate the larger, longer lived species that are good w3ter 
mass indicators. 
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s. Observations and Results
Detailed listings of the boat and helicopter sampling data a re
given in Appendix I for June 19 71, and in Appendix II for Octoh2r 19 71.
Table 3 summarizes the data collected concurrently with aerial
photographic runs.
TABLE 31
1 
• Summary of surface observations and corresponding photographic
runs at different conditions of wind and tide.
Wind Tide at Date ! 72 Time, EDT Observational Photo
Area Run No. Dir. Spd m/sec Chesapk. Entr. 
Oct. 12
Oct. 12
Oct. 12
Oct. 13
Oct. 13
Oct. 13·
Oct. 13
Oct. 14
08. 6-09.8 
10. 5-11. 7
12.4-13.2 
08.8-09.5 
09. 8-11.1
11. 4-12. 8
13. 7-14.9 
11. 0-12. 7
James Tiru1S3:!ts 
James, York 
Transects 
Lower Bay 
James, York 
Transects 
Lower Bay 
James, ·D. w.
Shoal 
Transect 
Jame s Tranrects 
barres Tmnrects 
Lower Bay 
Jaires TranS:Pts 
James 'I'ran9a::!ts 
James, York 
Transects 
Lower Bay 
1 000 01 Early ebb 
2 040 02 Maximum ebb 
3 060 03 Late ebb 
1 150 03 Early ebb 
2 160 04 Ebb 
3 180 05 Maximum ebb 
4 190 05 Late ebb 
1 220 03 Maximum ebb 
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Distributional charts were prepared to show the salient featu1:><::::s
of surface water parameters during the October study, The chief 
features are: 
1. Estuary water was slightly cooler than ocean water but'
differences were small, less than 2° c. Channel water in
the estuary was about 1° C. warmer than adjacent shoal
water.
2, Salinity progressively increased with distance seaward 
from nearly zero at Jamestown to 29?� off the Chesapeake 
entrance. 
3. Suspended concentrations (turbidity) irregularly decreased
seaward fr:om more than 22 mg/1 near Jamestown to less than
4 mg/1 in the Chesapeake entracce. The load in near­
surface water over estuary shoals is about two times greater
than in adjacent channel water. Differences in load between
shoal and channel water were greatest near maximum strE..ngth
of the tidal current.
4. Optical ratios irregularly decreased seaward from a
level of +0.17 near Jamestown to -0.50 in Chesapeake Bay.
Across the James
J
ratios were three times greater over
estuary shoals than in nearsurface channel water,
5. Chlorophyll 11a 11 displayed patchy distributions through­
out the estuary and lower Bay. In general concentrations
were higher near Jamestown (6-7 µg/1) than in Chesapeake
Bay (2-5 µg/1).
6. Color of suspended material varied within narrow limits
and displayed a patchy distribution. It was predominately
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JAMES ESTUARY - LOWE R CHESAPEAKE BAY
NASA Test site 224 B Mission 187
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Figure 6, Chart of th·� test site, lowr�r Chesapeake Bay, James and 
York River estuaries, showing flight lim,s of seq.1ent:ial 
aerial photography Oct. 12-14, 1972, NAS.l\ Mission 187. 
Location of gro�nd truth transects, dashed and sample 
area over lower Chesapeake Bay sha::lr:,id. 
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grayish yellow, Sy 8/4, in the estuary and often grayish 
olive or greenish yellow 7.Sy in Chesapeake Bay. 
7. Mean particle size varies within narrow limits, from 2.5
to s.2 µ• There is a slight decrease in size with distance
seaward in the estuary but Bay samples are coarser than
estuary samples owing to greater percentages of large
plankton.
The phytoplankton species composition during the October experi­
ments is enumerated in the tables of Appendix III, and the June data 
is summarized in Appendix I. Three major groups of species were found 
during the June study, those from the offshore waters, those from 
the James River, and ubiquitous species having variable, patchy 
distributions that showed no consistent association with particular 
areas. 
Samples taken during the low inflow regime of October showed 
a much more diverse phytoplankton community with some species being 
much more numerous. The same origin of the species could be recog­
nized, and in addition some species originated from the York River 
and some from the central bay. The distribution of Thalassiosira sp. 
a typical offshore species, is shown in Figure 7. In all but a few 
cases the population densities were low near the mouth of the James, 
suggesting that few species originated from the r.i..ver. 
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Figure 7. Distribution of Thalassiosira sp. in cells per liter from 
stations occupied in lower Chesapeake Bay, Oct. 13, 1971, 
dots. Relatively high numbers, greater than 15,000 cells 
per liter, hachured. 
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A. Water color boundaries
The most prominent features of surface waters in the James 
estuary and lower Chesapeake Bay are the sharp boundaries between 
water masses of different color and turbidity. Be sides contra sting 
color and turbidity the position of these boundaries is commonly 
indicated by lines of foam. Often large quantities of floating 
debris such as grass fragments, plastic debris, dead fish, or wood 
are entrained in the lines. When the weather is calm and little 
foam is produced the boundaries are indicated by zones of relativel� 
smooth water dampened by oil, fl0tsam and debris. When observed 
from low altitude aircraft, the boundaries appear as sinuous or 
arcuate lines extending in length from 300 to 5000 meters. Some 
are bro_ken forming echelon patterns; others are 'fblurred
1 ' or gradational
for short distances. They form both during ebb and flood current, 
but ebb boundaries are usually more pronounced and of greater length 
than flood boundaries. Nontheless, they typically recur at approxirn1:1te: 
the same position at comparable stages of successive tides although 
their intensity and length may vary with local conditions of flow and 
wind. Thus, the position and pattern of the boundaries is not fixed 
but varies within limits and with progress of the tide. 
Four types of boundaries are recognized from their distributional 
pattern that relates to estua.rine geometry: 
1. Axial, in which the boundary lies along the channel axis.
These are common to deep narrow reaches and confluences
merging channels.·,
2. Lateral, boundary runs along the channel shoulder between
water over the shoals and water in the channel.
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3. Dista!, boundary leads away from points of land and
headlands between water in the channel and water in
the TT lee TT or downstream of the point.
4. Concentric, boundary lies transverse to the channel
axis often off the estuary mouth where water masses
of different origin meet.
Figure 8 summarizes the location of different bo�ndary types 
observed in the field and seen in aerial photographs of the study 
area. Figure 13 shows the se;hematic relation of boundary types to 
flow conditions. 
To evaluate water characteristics contributing to color and 
density changes seen in aerial photographs, differences between 
water properties and characteristics of suspended material were de­
termined and are listed in Table 2. Phytoplankton distributions are 
·given in Figures 7 and 9. The development of the Thimble Shoals
boundcJry was most obvious on O.::::t 12th, 1971. It was represented by
an inconspicuous foam line on Oct. 13th and could not be located on
Oct. 14th. Wind velocities were higher on thE� la st two days, and it
was hypothesized that wind mixing :1.ad obscured the interface. The
phytoplankton counts and differences in water properties confirmed
this hypothesis. As shown in Table 2, 1, differences across the
boundary are relatively small. James estuary water, w:1.ich is
lighter toned than Chesapeake Bay water; has a slightly lo·tJer
temperature an:!. salinity but higher concentrations of suspended
material than Bay water. Chlorophyll-a content and color of sus­
pended material showed no definite trend. However, certain phyto-
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Table 2. Differences in water properties and film densit� across 
water color boundaries. Properties of contrast ing 
waters are grouped and averaged in pa.ired samples being 
either dark-toned or light-toned, Differences computed 
represent differences between averaged values, /;,.. 
· No. Of 
'pairec:J 
1. 
2. 
3. 
4. 
T_h_i_·m_b�l�e:.....::S�h;o:�a�l�s�B�o�u�n�d�a�r�y ����-2:'.D�a�r�
k:__�_::::L=i�g�h�t��-=-��· value� 
Oct. 12, Run 2 
averaged 
Color
Temp 0c
Salinity, %o 
Chlorophyll TTa TT µg/1 
S�spended concen Ts. mg-/1 
Film density 
Thimble Shoals Boundary 
Oct · 13 , Run 2 
Color 
Temp °C 
Salinity, %o
Chlorophyll TTa TT µg/1 
Suspended concen Ts. rng/1 
Film Density 
Cape Henry, offshore 
Oct. 12, Run 3 
Color 
Temp 0 c
Salinity, %o 
Chlorophyll TTa TT µg/1 
Suspended concen Ts. mg/1 
Cape Henry, nearshore 
Oct. 12, Run 3 
Temp 0 c
Salinity, %o
Suspended concen T s. mg/1 
Fishermans Island, nearshore 
Oct. 14, Run 1 
Color 
Temp 0 c, 
Salinity, %o 
Suspended concen Ts. 
...
5y-10y" 
19.7 
19.9 
2.6 
4.8 
. 41 
2.sy
20.0 
19,6 
2.9 
2.2 
.44 
20.4 
21.9 
4.9 
7,6 
20.s
25.9
10.0 
lOy 
20.6 
22.9 
2.5 
., .
5y-10y" 
19.3 
19.1 
4,8 
9.9 
.36 
Sy 
19,9 
19,6 
2.1 
s.1
.30
7,Sy 
20.1 
22.9 
5.1 
8.8 
20.4 
23.9 
8.0 
7.Sy
20.s
24.6
4.2 
+0.4
+0.8
-2.2
-5.l
+O. 5
+0,1
0 
+ 0 ,8
-2,9
+ .14
+ .3
-1.0
-0.2
-1.2
+O.l
+2,9
+2.0
+O .1
-1.7
-1.·7
4 
4 
3 
2 
2 
2 
3 
3 
1 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
3 
3 
3 
3 
�·: varies 
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Table 2 cont 1d. 
No. 
of values 
s. James River Bridge Dark Light aver.aged 
Oct. 12-14, Runs 1, 2, 4
Color Sy Sy 2 
Temp °C 20.0 20.2 -0.2 5 
Salinity, %0 11.2 12.0 -0.8 5 
Chlorophyll Ha 11 µg/1 3 .1 4.8 -1.2 2 
Suspended concen 1 s. mg/1 6.0 14.8 -8.8 4 
Particle size 4.1 3.3 +O. 8 3 
Log ratio 
Film density .40 .31 .09 3 
6. Mulberry Point, west side
Oct. 13, Runs 2, 3
Color 2.sy 2.sy 0 2 
Temp °C 19.2 19.3 -0.1 2 
Salinity, %0 4.2 4.2 0 2 
Chlorophyll, µg/1 3.3 2.9 +0.4 2 
Suspended concen t s. 19.9 15.7 +4.2 2 
Particle size 4.4 2-6 +1.8 2 
Log ratio + 0.08 o.o +0.08 2 
7. Mulberry Point, center
Oct. 13, Runs 2, 3
Color Sy Sy 0 2 
Temp °C 19.4 19.3 +O .1 2 
Salinity, %0 4.3 4.1 +0.2 2 
Chlorophyll !Tat! µg/1 1. 7 2.0 -0.3 1 
Suspended concen 1 s. mg/1 7.5 12.2 -5.3 2 
Log Ratio -0.14 +O .03 +O .17 2 
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plankton species showed consistent differences across the boundary on 
Oct. 12 (Figs. 7 and 9 , for example). Fewer species showed a difference 
on Oct. 13th and there were no significant differences detectable in 
the area on Oct. 14th. .Also, the differences were less conspicuous on 
Oct. 13th. None of the October differences were as marked as during 
thi� June study. It thus appears that the degree of mixing across the 
area of the interface is reflected bo!:h by th::; phytoplankton community 
composition and the concentrations of suspended material. 
Many phytoplankton species, however, did not show objectively 
consistent differences across the interface, and this throws doubt into 
th"� validity of the previous conclusions. There fore certain species 
were plotted on log-log axes to determini2 whether clustering was real, 
Figure 10. The rationale of this method is given in Appendix I. This 
showed objective differences for some species, but not all species 
showed distinct clusterings suggesting that the water color contrasts 
may be caused by water prop,2rties o::her than those measured here or 
possibly by susp�::nded materials of local 8rigin. Multivariate analysis 
of the phytoplankton community is in progress a::id verifies these co::1-
clusion� (Appendix IV). 
Other less extensive and less obvious boundaries (2, 3, 4, Figure 
8) were sampled in lower Chesapeake Bay, howevr2r, no significant dif­
ferences in p:1ytoplankton w,2re seen in either the June or October studies. 
It seems likely that most of th(�se lesser features were caused by par­
ticle scattering (or abso�ption) of local origin and did not represent 
different water masses. 
In the James estuary near Jami2s River bridge Oct. 12-14, 1971, a 
lateral boundary runs along the south channel shoulder both during ebb 
34 
-
a:: 
LLJ 
J-
...J 
...... 
en 
...J 
...J 
. L&.I 
u -
� 
..... 
� 
........ 
� 
Cb 
a::: 
� ..... 
"{ 
1000 
� North of Interface 
V South of Interface 
o Other Samples
0 
0 
C 
C> 
e 
0 
100+---r--���--,r--r--r--r--.......... ---....--..---.------.---,---. 
100 1000 
Ditylum bright we/Ii (CELLS/ LITER) 
Figure 10. Rel�tionship between Asterionella japonica and Ditylum 
brightwelli for samples north and south of Thimble 
Shoals interfacial boundary, Oct. 12, 1971. 
35 
and flood. tide (Figure 8 (5) and Figure ll). Water overlying shoals
on the southwest side is persistently warmer and fresher than channel
water to the northeast. Additionally, chlorophyll-a is slightly
greater and particle size is slightly smaller along the southwest
(lighter-toned) side. Suspended concentrations are markedly high8r
on the southwest side than on the northeast side but these are mostly
derived by local scour from off the muddy shoals. At Mulberry Point
a lateral boundary ( Figure 8 ( 6)) develops over the w2 st shoals but
differences are small and inconsistent from time to time o Another
boundary, which forms alongthe channel axis (Figure 8 (9)) is marked
by moderate differences in suspended concentrations and optical ratios
(Table 2, 7). 
The results indicate that the water color boundaries sometimes
represent differences in phytoplankton composition and often are re­
flected in differing suspended concentrations. The boundaries are not
associated with variations in chlorophyll-a or particle size. Temp­
perature and salinity alone were too small to characterize differences
across the boundaries. Either those parameters were too insensitive 
or the boundaries were ephemeral and related to local sources or flow
conditions. 
The rapidly'changing patterns of water color investigated here 
have much more tenuous connection with biotic distributions. We have 
found that in some cases changes in phytoplankton community composition 
are associated with boundaries of water color, and in those cases the 
phytoplankton species help understand the causes of the color change. 
Also, the interface distributions help understand the distribution 
of phytoplankton communities as well as the fine structure of estuarine 
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waters of local origin. However, many color interfaces have li1tle 
relation to the distribution of plankton. Also, there is much vari­
ation and patchiness of phytoplankto:1 that is not associated with 
water color change. Thus, although study of plankto:1 clistribu·.:ion 
may t,2 of som2 use in in::erpreting water color changes, thi=: water 
color is of very limited use in studying phytoplankton distribution. 
Two other implications of this study warrant further mention, 
although they h3.ve little implication for remote sensing. First, 
rapid sampling of surface phytoplankton over a large area is useful 
in interpreting the movement and net transport of populations in the 
area and this technique deserves further study. Second, the heli­
copter is an excellent tool for plankton studies in coastal waters, 
since it allows a rapidity and detail of sampling that is otherwise 
impossible, 
MJst of the phytoplankton variation and patchiness seen in the 
test area was not related to water color changes. In retrospect 
this is not surprising, since most tidal water bodies probably do not 
have the sharply defined bJundaries necessary for visibility as 
water color interfaces. This has two disappointing implications, 
First, phytoplankton community differences can be identified using 
remote imagery only in circumstances where boundaries are distinct, 
and this represents the exception rather than the rule. Second, 
although the imagery may be useful in distinguishing between water 
bodies, this may be done only when the boundaries are distinct, and 
when the color differences are not caused l::y local turbidity. 
37 
Pr2liminary field observations in the James estuary and evalu­
ation of aerial photographs indicate the estuary boundaries, lateral� 
axial and distal types, are created by a local circulation. From 
the accumulation of floating material in foam lines associated with 
the boundaries it may be deduced that there is an inward flow of 
water toward the boundary. This flow has been confirmed by observing­
lines of mimeograph paper spread out 50 to 100 meters transverse to 
the boundary. Within a short time, 5 to 15 minutes, the paper 
accumulates in the lines often first from one side and then the
other. It may be inferred that the inward flowing water descends
along the boundary and there is a compensatory flow at depth away
from zones of descending water. such movements or secondary currents
have been observed by engineers (Ciray, C., 196 7; Vanoni, 1946 ) in
hydraulic models and flumes. They are superimposed on the normal
tidal flow and often occur in 11shear 11 zones between rapidly moving
channel water and slower moving water over shoals or behind head-
lands. Thus, they mark boundaries between "shoal water 11 and 11channel
In other cases, they originate in reaches where two channels
merge or at the downstream 11nose11 of a shoal where there is a con-
watern. 
vergent flow of water. Differences in suspended load may a rise from
the amount of t b f · ur id water swept surfaceward from zones o high 
� 
concen
:
ration near the bottom, or conversely, the amount of relatively
clear water maintained near the surface or moved downward. Figure l]_
schematically shows different boundary types in relation to bottom
·, 
geometry and secondary currents.
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Figure 11. Schematic diagrams of boundary types in,relation to 
bottom geometr� secondary currents (single arrows), and pre­
dominate tidal flow,(double arrow�. 
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V REMOTE SENSING STUDIES 
1. �ata Acquisition
Sequential photography was planned to cover a range of coastal
environments and different water masses in the James River-Lower 
Chesapeake Bay area, Figure 6 Altogether the area encompasses mo'J::le 
than 15,600 sq. km (6000 sq. miles) and holds rivers, estuaries,
lagoons, inlets and many dynamic nearshore features· Photography was 
scheduled for a period of the month when the tide was predominately 
ebb at the Chesapeake Entrance during the photographic day (0830-
1630 EDT). Film-filter combinations were designed to provide multi­
spectral coverage at 90-210 nm bandwidths from 410 nm to 890 nm in 
70 mm. format. RC-8 cameras with color (Ektachrome) and color infra­
red (Ektachrome) provided broad band coverage in 9 x 9 TT format. All 
flights were programmed for uniformly repetitive operation at two-hou� 
intervals to facilitate photo registration and comparitive analyses. 
Tables 3 and 4 summarize pertinent photographic data; a com­
plete index to imagery acquired is given in NASA Mission Report for 
Mission 187. The aerial flight was coordinated with TTground truth TT of 
concurrent surface observations and water sampling. 
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Table 4 Photographic data for NASA Mission 187, site 
224B, Oct. 12-14, 1972 
Approx. 
Camera Spectral Shutter Exposure 
Tipe Lens Film Filter Band� nm Speed� sec. f-stop Format 
2 
Variable
4 5.6 9 TT X 911 RC-8 6 TT S 0-397 Clear 460-710
RC-8 6 TT 2443 15 520-890 Variable 
4 5.6 9 TT X 9TT 
HB71 40nm 2402 47 410-500 1/125 5.6 70 mm 
HB/2 40 2402 58 475-605 1/125 8.0 70 mm 
HB/3 40 2402 25 590-715 1/250 8.0 70 mm 
HB/4 40 2424 89B 680-890 1/250 16.0 70 mm 
HB/5 40 S0-1682 lA 390-710 1/250 8.0 70 mm 
HB/6 40 24433 15 520-890 1/125 8.0 70 mm 
1 Ha sselblad 2 Kodak Ektachrome 3 Infrared Ektachrome 
4 Varies automatically according to exposure indicator 
Table 5 Flight and photographic data for NASA Mission 187, 
site 224B, Oct. 12-14, 1971. 
Time Flight Line Run 
Date EDT No. No. No. Film Roll No. 
Oct. 12 0822-0836 9 13 1 19, 20, 21, 22, 23, 24, 25, 26 
Oct. 12 0851-1030 9 8-12 1 19, 20, 21, 22, 23, 24, 25, 26 
Oct. 12 1053-1224 9 8-12 2 27, 28, 21, 22, 23, 24, 25, 26 
Oct. 12 1244-1318 9 8-9 3 27, 28, 21, 22, 23, 24, 25, 26 
Oct. 12 1329-1425 9 10-12 3 29, 30, 21, 22, 23, 24, 25, 26 
Oct. 12 1445-1535 9 8-10 4 29, 30, 31, 32, 33, 34, 25, 35 
Oct. 13 0758-0933 10 8-12 1 36, 37, 38, 39, 40, 41, 25, 42 
Oct. 13 0956-1133 10 8-12 2 43, 44, 38, 39, 40, 41, 25, 42 
Oct. 13 1155-1212 10 8 3 43, 44, 38, 39, 40, 41, 25, 42 
Oct. 13 1216-1325 10 9-12 3 45, 46, 38, 39, 40, 41, 25, 42
Oct. 13 1346-1439 10 8-10 4 45, 46, 31, 32, 33, 34, 4 7, 35 ', 
Oct. 13 1443-1516 10 11-12 4 48, 49, 31, 32, 33, 34, 4 7, 35 
Oct. 14 1101-1220 11 8-12 1 48, 49, 31, 32, 33, 34, 4 7, 35 
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Good weather prevailed throughout most of the photographic 
period, Oct. 12-14, 1971. Surface winds blew 2-3 m/sec from the
east on Oct 12th, 4-6 m/sec from the south on Oct. 13th and 2-3 m/sec
from the southwest on Oct. 14th. The southern winds across lower 
Chesapeake Bay and nearby ocean reaches on Oct. 13th created surface 
waves 1 to 2m high with attendant mixing of surface water. Clouds
were limited to cumulus with about 30-50 percent oversky coverage in 
the northw ,st portion of the area in late afternoon of Oct. 13th and 
14th. Sun elevation varied from 21° to 52° during the period of 
photography Oct. 12-13th. 
Altogether more than 5800 70 mm, and 2500 9 x 911 photographs 
were obtained in addition to 52 m (160 feet) of infrared imagery film 
from the Recon IV scanner. Film was scheduled for TTbatch TT processing 
under controlled temperature and developing time to minimize photo­
graphic variance. Step wedges were exposed and attached to a leader 
on the head and tail of each roll and processed with the film in an 
effort to determine the degree of film density variance. Although th� 
photography adequately covered most of the area, repetitively 9 times 
for 2 \ days, tonal quality varied a great deal from frame to frame 
and roll to roll. The chief problem was variation of exposure level. 
This was due to inherent variations in sun illumination and large 
reflectance contrasts from land to water including sun glint and shadows, 
Additionally, there were large ''exposure II variations in the RC -8 cameras 
caused by automatic changes in shutter speed with changes from land 
to water. Most of the RC-8 color infrared film was excessively under­
exposed for water areas. Film from two of six Hasselblad cameras was 
fogged by magazine or camera light leaks; and all the Re con IV imagery 
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exhibited sevE:re static markings. Examples of sensitometric curves 
are given in Figures 12 and 13. Factors affecting registration of 
sequential frames varied within wide limits. Hasselblad cameras were 
locked in place causing varying degrees of tilt. Flying altitude 
designated for 25,000 feet ranged between 23,930 to 25,000 and ground 
center points of repetitive frames varied from 10 to 30 percent along 
successive flight lines. These variances caused substantial changes in 
photographic aspect angle from run to runo Repetitive flight ranged 
over a 2.6 mile swath or 1.7 miles from the desired center line. 
Differences in repeatability of flight lines for line 8 across James 
River bridge is shown in Figure l3o 
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Figure 12. Examples of sensitometric curves showing: A. differences 
from roll to roll in black and white red band photography; 
B, differences from head to tail of a single roll, number 
23, black and white red band photography, NASA Mission 18 7. 
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Figure 13. Differences in repeatability of flying the same flight line 
in a C-130 at 23,930 to 25,000 foot altitude. Expressed 
as percent of distance right or left of desired line, line 
number 8 over James estuary, Oct. 12-13, 1971, NASA Mission 
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VI APPROACHES TO TIME SENSING AND CHANGE DETECTION 
There are many ways in which the time element can be used in 
aerial photography. Choice of the method depends on the dynamic 
nature of the subject or problem, type of coverage available and the 
analytical equipment available. Utility of the time element is docu­
mented with examples in the following sections to show general ap­
plication of the methods to different dynamic features of coastal 
waters. The methods presented in these sections a.re qualitative and 
therefore mainly useful for photo interpretation. Quantitative methods 
developed in this study are presented in subsequent sections. 
1. Sequential Signatures
Since many features of coastal water display a distinctive time 
character it should be possible to identify or discriminate various 
features from their characteristic time-variations. Just as spectral 
signatures are characteristic of a feature in multiband imagery, so too 
nsequential signatures n are diagnostic of time-dependent features in 
repetitive imagery. Figure 14 gives some examples of typical sig­
natures at hourly, daily and annual scales. They depict the local 
time histo::,y of a features reflectance, or emission, over its character­
istic period at one point. These curves are qualitative in nature and 
are intended to demonstrate an approach to the methodology. They are 
necessarily developed from surface observations because continuous 
aerial measurements of reflectance (or emission) with time are scarce. 
Such measurements are difficult to obtain from sequential photographs 
inasmuch as the viewing duration is limited to daylight hours. More­
over, the signatures may be contaminated by meteorological events, 
storms,by sun glint or by the dissipation of energy through Jifferent 
parts of the temporal spectrum. Nonethelesz, these signatures do 
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.111 1J:;_'.�'c3te i:Jhat the time-character of different features is likely to 
be. Such characteristics are essential for selecting the proper time 
interval with which to acquire sequential coverage. Eventually they 
may serve as keys to facilitate identification and interpretation of 
n::1tural processes. Such keys of sequsntial signatures can b2 obtained 
either (1) through continuous radiometric measurements over a sufficient• 
cJuration to reveal ranges and norms of reflectance; (2) through suc­
cessive photographs and corresponding surface observations at a mini­
mum time interval. Both approaches require that consideration be 
given to changing conditions of the atmosphere, illumination, and the 
feature itself. Since many features of coastal waters change in size 
and shape with time, it may be useful to know the total reflectance 
from specific features. 
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Figure 14. Examples of some prospective sequential signatures at 
different time scales: hourly, solar day ( 24-hour), lunar 
day (25-hour) and annual. Relative magnitude of re­
flectance (or emission) is directed along ordinate, time 
on abscissa. 
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2. Pattern Interpretation
If only a single photograph is available, it is often possible 
to interpret water movement or dynamic conditions either by associating 
the tonal pattern with known sources of turbidity or by comparing the 
pattern to similar patterns in which flow paths are known from hydraulic 
studies. For example in Figure 3A, reflectance patterns of water charged 
with suspended materials display a swirl or eddy directed inward toward 
the center of an embayment along the Potomac River estuary. It may be 
inferred that the tide was ebb (directed seaward, to the right) in 
the estuary proper at the time of photography. Presumably the eddy 
developed in the "leen of the spit and the central TTcore TT marks a site 
of convergence--a potential site where flotable pollutants or algae 
may accumulate. In other situations, contra sting light-dark tones 
represent boundaries between different water masses. Such tonal 
boundaries often coincide with interfaces observed in thermal infrared 
imagery taken concurrently with photography. 
Although interpretation of patterns does not require high reso­
lution or stereo pairs, causal dynamic conditions are often very complex 
and vary widely with local conditions such as shown in Figure 3B. 
They are sensitive to transient conditions of wind stirring, diffusion 
and settling of suspended material, As mere snapshots out of a whole 
11movie film" of changing patterns they fail to show the full range of 
dynamic character. 
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3. Multiple-look
A more reliable approach for detecting dyna mic features than 
pattern interpratation is to visually compare photographs taken eithei:, 
( l) at random time intervals or ( 2) repetitively at specified inte r­
vals as pa rt of a sequence. The multiple "look" may yield the mosL it 1, 
formation from photo coverage obtained at various times over past years
b2cause such coverage is often taken with different cameras, film typ�s
and at different geometric scales and therefore lacks adequa:e tone
control or registration for quantitative densitometric analyses.
Thu s, the multiple look may provide the chief mea ns of detecting cha nSJe
or identifying time varying phenomena. It is useful for quali-
tative evaluations of storm changes, for assessing long-term ecologic�1
growth or deterioration, and for studying effects of dredging and 
filling operations. In practice, comparison of tonal boundaries and 
information is facilitated by initially reducing the photos to a common 
scale and compiling data from successive time frames on an acetate 
overlay. Composites of several overlays, in which each overlay con­
tains data from a specific time, may indicate directions of change and 
areas affected since the last coverage. Use of a multiple image cor­
relator such as the I2S Addcol without color filters, enables viewing 
two to four frames in register at a time. Comparisons can be ma de 
by changing the intensity of illumination on the frame, Features 
that cannot be identified in single photos often a re readily recog-
nized by a multiple look at several photographs. By tracing the extent I
!
of change the future course or direction of such change m3.y be predicteJI
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A. Photography at irregular time intervals
Despite the irregular time frequency and different films and 
cameras used, tonal contrasts are often sufficiently pronounced to 
exhibit changes in size or extent of a feature. Figures 16A and B 
illustrate some time-varying features on flats of the Colorado Riw,r 
delta recorded by: (A) Gemini color space photography, June 5, 1965 
and (B) Apollo 9, S0-65 color infrared space photography, March 11, 
1969. The inner limit of tidal flooding is represented by contrast­
ing light-dark toned.boundary (t). paralleling the shoreline. Although
the tidal height at the time of photography was nearly the same in each 
case, the upper limit or landward.extent of flooding on the previous
tides., was greater in June 1965 (Figure 16A) than in March 1969 
(Figure l6B), This change reflects the greater (spring) range of 
the tide in June as wall as the higher seasonal position of sea 
level in June than in March. The greater tidal range in June is 
commonly associated with stronger tidal currents and greater tidal 
resuspension of bottom sediments which leads to more widespread 
dispers-:11 and greater seaward extent of turbid materials into the 
Gulf of California during June than in March. On the deltaic flats 
changes in the extent of white-.colored salt deposits are seen; for 
example in March the deposits at (s) in Figure l6B are smaller than 
in June owing to local flooding by winter rains. 
Changes created by violent storms are usually so pronounced a 
simple double n1ook 11 at photography taken before and after the s torrn 
is all that is.needed to detect storm effects, Changes wrought by 
Hurricane Camille at Gulfport, Mississippi Aug. 17, 1969 are delineated 
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Figure 15A. Simple hydraulic pattern of an eddy developed during ebb 
tide behind a spit at Coles Neck on the Potomac River, 
Virginia. From USDA black and white photo taken at 
10,000 foot altitude. 
15B. Complex patterns of turbidity in central reaches of the 
Rappahannock Estuary, Virginia. Dark tones represent 
channel water (c), light-toned patterns develop over 
shoals 6 to 18 feet deep; large eddy (e), vortex (v), 
bottom-stirred plumes (p) and interfacial boundary waves 
(w), reflectance of sandy bottom (b). Black and white 
reproduct'ion of NASA color infrared photo taken Sept., 
1968 at 20,000 foot altitude. Tide was flood, arrow. 
Figure 16A. Black and white reproduction of color·Gemini space 
photo taken June 5, 1965 over the Colorado River delta. 
Ge is the Gulf of California; t, the inner (upper) 
limit of tidal flooding; s, the shoreline at the time 
of photography; sf� salt flats lying in a topographic 
depression. 
Figure 16B. Black and white reproduction of color infra.red Apollo 
space photo taken March 11, 1969. Compare with photo 
of Figure 16A to reveal apparent changes in limit of 
tidal flooding (t), size of salt flats (s) and seaward 
extent of turbid water. 
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on an acetate overlay of Figure 17. Recognition of such changes is 
aided by compositing positive-negative transparencies with tones 
partially masked as shown in Figure 17. 'l'he changes are either sub­
tractive (losses) including damaged buildings, erosion and loss of 
boats; or additive (gains) including deposits of debris or rubble, 
and shore accretion. The composite also displays changes not due to 
the hurricane such as an extension of the mole at m, Figure 17, 
accomplished between 1966 and 1969. Thus, close' evaluation of storm 
changes requires relatively recent coverage .before as well as after 
the event. The more subtle changes can be detected by direct stereo 
comparison when n before n and nafter TI photos are close to the same
scale. Changed images TTflicker 11 in stereo; i.e. alternately appear 
and disappear as shown by Strandberg (1967 ). 
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Figure 17. Composite positive-negative base print of Gulfport. 
Mississippi with tones partially masked. 
aerial photos 66-s(c)2190, Jan. 27, 1966 
3013, Aug. 19, 1969. Changes wrought by 
Camille are displayed on overlay as gain 
natural and cultural features. 
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B. Environmental Change: the Christiansted Harbor case.
From a comparative evaluation of photos taken at 5-6 year 
intervals, changes in benthic vegetation have been traced that relate 
to high energy storms, pollution and dredge and fill operations. 
The importance of such benthic vegetation in stabilizing shallow-water 
sediments has been discussed by Kelly (1970) and Kelly and Castiglione 
(1971). Distributional patterns often change yearly or over tens of 
years depending on the erosion and redistribution of sediment. As the 
community distribution changes, or as communities are disturbed, the 
species composition changes as ecological succession or regression 
takes place. These changes can be seen in the distributional change 
of vegetation patterns. Figure 18A, an aerial photo dated 1954, portrays
Christiansted Harbor more or less in its natural condition prior to 
pollution·and intensive development of the 1960Ts. The harbor lies 
in a lunate-shaped enbayment behind a barrier reef (r) along the north 
coast of St. Croix, Virgin Islands. The harbor floor is largely formed 
of broad shoals built of coral sand (s, light-toned) derived from the 
reef by mass transport of breaking waves. The eastern sector is cut 
by a deep winding channel (c, dark-toned) 10-20 meters deep. Although 
tidal exchange is insignificant, waters are rapidly flushed and mixed 
by the over-reef flow. Thus, transport of sediment and dispersal of 
pollutants are extended throughout the hal:'.bor via the active circu­
lation. 
In 1954 turtle grass beds (Thallassia) covered o.48 sq. km or 
22 percent of the harbor floor; e.g. the outer entrance (t1), inner
entrance (t2) and back-reef (t3) and inner reaches (t4). The beds
1 Field work accomplished in a separate study (Nichols, 1972)
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are indicated on the photography by dark-toned patches with irregular 
or crenulated margins. In entrance reaches the beds are broken by 
''blowouts'' of sand (t1) produced by wave erosion during storms. '.;['he 
continuity of backreef beds at t2 is interrupted by landward migrating
lobes of sand that bury the grass, 
By comparing the beds seen on 1954 photography with those dated 
1959, 1964 and 1971, and supplemented by ground truth in 1971 (Nichols 
et. al., 1972), changes in the extent, size and density are evident, As 
shown in Figure l8B, the harbor floor in 1971 was altered by a shipping 
channel (s), by sand excavations (m), and landfill (f), Ali these 
changes, in addition to sewage pollution produced a sequence of stresses: 
dredging-filling-shoreline deterioration-turbidity and sedimentation, 
Grass beds were extirpated along the channel course, adjoining areas 
were blanketed by settling of sediments, and light penetration was
reduced in inner reaches by erosion of unstabilized dredge spoil and 
1 andfill, Additionally, high energy storms, which pound the reef, 
have reduced coral debris to sand and buried a large area of benthic 
grass in the backreef (t3 Figure 18). Altogether these stresses have
reduced the size and extent of turtle grass areas to O .16 sq. km, or 
7 percent of the harbor floor. This is a 65 percent loss of productive 
area over a 17-year period. And the grass beds in 1971 were patchy 
and lowered in vitality. Turtle grass has been partly replaced along 
inner reaches by invasion of the alga Enteromorpha which covered 32 
percent of the harbor floor in 1971, Figure 18C. 
The benthic vegetation thus shows pattern changes that in turn 
indicate either movement of sediments, or dredging and pollution. 
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Any recovery from these stresses by means of ecological succession, also 
is characterized by change and this is important in stabilization of 
bottom sediments. Thus, study of distributional vegetation changes in 
aerial photography or other remote imagery enables an evaluation of 
environmental impacts. 
Other environmental impacts or natural extreme events could 
be detected by a multiple look. For example, TTeel grass 11 (Zostera marina) 
was eliminated from most areas of the eastern United States during the 
1940 Ts because of a complex epidemic disease. This had drastic effects 
on some inshore fisheries, and a slow recovery occurred during the 
194- Ts and 1950 Ts. There was considerable interest in the debilitation 
and recovery of this resource, but study was difficult because of the 
tremendous areas involved. Aerial photography, or even high resolution 
satellite photography would have made detection of the changes relatively 
simple. Similarly, the growth of massive beds of the 11nuisance TT algae 
Enteromorpha, Ulva and Cladophora, due to excessive nutrient input, 
may be monitored using aerial photography in the New York, Long Island 
area. 
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Figure 18A. Aerial photograph of Christiansted Harbor, Jan. ·28, 
1954. (USGS, GSYM, AF 5577) from 3.59 km (11,800 feet) 
altitude. Photo shows the harbor more or less in its 
natural state; r, is a barrier reef; s, shoals of 
coral sand; c, main entrance channel; t1_4 turtle grass
beds. For explanation see text. 
Figure 18B. Aerial p:1otograph of Christiansted Harbor, Nov. 1971 
(NOS, 11128) from 4.51 km (15,000 feet) altitude. 
Compare with photo of Figure 18A to reveal apparent 
changes; s is shipping channel; m, sand excavations; 
and f, areas of landfill. 
(OVER) 
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c. Sequential Photography
When a routine.sequence of photographs is tak
en at periodic
intervals,· features with characteristic time dependenc
ies can· be
,
identified or differentiated. For example, the sequenc
e presented in
Figure 19 illustrates some dynamic features of a tidal in
let that
are best identified by comparing successive photographs. In the
second photograph (0-hour) a large light-toned patch representing 
a plume of discolored water (p) extends seaward (to the right) off 
a tidal inlet through barrier isla nds. Breakers, recorded in very
light tones (b), mark an area of shoals. But between the breakers 
and the plume proper light tones represent either reflectance from
submerged shoals or from sediment suspended in the plume overlying 
the shoals. The two features cannot be differentiated, nor can
growth or decay of the plume associated with tidal suspension or set­
tling out be determined from the single (0-hour) photograph. But
by comparing the photograph with others taken two hours before and two
to four hours after, it should be evident that the plume was mainly 
dissipating along its seaward edge, except for a lateral extension
(downward) at 0-hour (e). Light tone areas in the inlet mouth (m) 
persist thro ughout the series indicating relatively stable shoals, in 
contrast to the more transient tidal plumes. various small scale patter. 
are also displayed, e.g. turbid rip plumes and whirlpool patterns, but
a much shorter time scale is required for their detection. Thus, a
single time interval or "net" does not "catch11 all features at all
time scales. The minimum time scale depends on the smallest time
scale involved plus the diversity of other time-dependent features in 
the scene or 11background. 11 
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Figure 19. Sequential pho�ographs of Ship Shoal Inlet, Virginia 
showing 2-ho'...lr variations in a sediment plume. For 
explanation of symbols see text. Black and white re­
production of 70 mm co�or infrared aerial photos taken 
from 25,000 feet Oct. 12, 1971. ReprodJctio:1 of tones 
necessarily varies from original. Tidal current is 
flooding in the inlet at O, +2 and +4 hours, and ebbing 
at -2 ho:1r. 
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4. Positive-negative composites
An obvious means of detecting tonal changes is to prepare a 
composite of oppositely matched positive and negative transparenpies; 
i.e · a positive taken at time !!1 n and a negative taken at time !!2. 
11 
When tones are nmatchedn, like images cancel out by contrasting
bright-dark tones whereas unlike tones are displayed. Thus, dif­
ferences are simply and effectively highlighted; and conventional
enhancing techniques (Colwell, 1969; Ross, 1969) can be used to reveal
subtle differences such as shown in Figure 28D.
Registration of composites is accomplished by superposition on 
a light table but scale variations and geometric distortions often 
require prior correction. Matching tones of frames processed under 
different conditions is difficult and requires a great deal of 
patience in the dark room. However, frames exposed and processed under 
the same conditions, i.e. one roll at one time, can often be matched 
readily by processing duplicate positive-negative frames to a 1:1 
density-log exposure rel�tion. This is accomplished by using a film, 
developer and developing time that yields a 1:1 density-log exposure. 
5. Comparative densitometry
Analyses of sequential photography requires (1) proper image 
registration and (2) comparable image tones in successive frames. 
The chief procedural problem is to remove unwanted photographic and 
environmental variance and bring tones to a common datum. 
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A-· Tone Analysis
Image tone consists of variations of gray or TTblackening 1t mani­
fest in the film density. Film density depends mainly on the exposure 
received and the development time given the film. This relationship is 
\ 
schematically illustrated in Figure 20, which describes the TTcha.racter-
istic curve 11 of the film for a given development time. Along the 
straight line portion of the curve (BC), densities increase proportion­
ately to the log exposure whereas densities on the 1ttoe 11 and TTshoulder TT
do not. Thus, the level and range of density are partly controlled 
by exposure and developing time. For another part, the density represents 
the amount of reflectance from a feature. Thus, density variations 
are influenced by many factors other than changes in water reflectance 
with its variable load of particle backscatters. 
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Characteristic curves of photographic film, (1). 
section A-Bis the 11toen, and C-D is the nsho'Jlder. 11 
Dotted curve (2) varies from the ideal 1:1 curve (1) 
due to different developing time. Dashed line is 
typical curve of negative which has opposite stope to 
positive, solid and dotted lines. 
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B. Normalizing
To bring the density of two or more scenes to a common reference
or datum it. is necessary to normalize the density distributions• \ For
accurate measurements a calibrated step wedge is exposed with each 
scene at the time of photography and processed to a 1:1 density-log 
exposure relation. However, wedge-film exposures are not commonly
obtained in aerial photography. As an alternate, panels of known 
reflectance are installed on the ground, or where not available, the 
reflectance of objects such as runways, or road surfaces are measured 
and their density values used to construct a characteristic curve. 
Subsequently, densities in successive frames are adjusted by ratioing 
to what they would have been had each. frame been processed to a 1:1 
density-log exposure relation. 
As an expedient a series of relatively stable objects are se­
lected to serve as density control points for differencing transient 
tones in the water. The points consist of common geographic points or 
identical objects in successive frames. Their densities are read in 
a microdensitometer and the average density difference of three or 
more points is applied, added or subtracted, to the densities of trans­
ient tonal areas that require normalization. In practice, selection 
of suitable control points is critical to normalization. The following 
criteria are suggested: 
1. Locate control points close to the transient feature or area
that requires normalization. Avoid tonal fall-off in corners
and outer edges and vignetting effects; locate points in
central two-thirds of frame. In scenes with many propspective
point locations, a grid of points should be established and
normalizing values applied throughout a series of reference
quadrants.
64 
2. Film density of the points should cover a range that lies
within the density range of the feature to be normalized.
3. Density of both the points and the feature to be normalized
should fall within the straight-line portion of a charqcter-
istic curve for the film.
4. Points must have TTstable TT reflectance characteristics, e.g.
objects free of shadows, wind stirring, and relief. Paved
runways, parking lots, or roadways are good; ponds and
grass lawns are often stable.
5. The internal density within large TTpoints TT must be uniform.
Success of selecting control points can be checked by examining 
the range of differences between sets of the same points in successive 
time frames. If optical characteristics of the normalized features 
are known from surface observations, differences from time to time 
should be proportional to corresponding density differences in the film. 
c. Analytical Equipment
Changes were measured by employing different sorts of densi­
tometric equipment. There are few units designed specifically for 
sequential analyses or change detection, but many existing units can 
be put to use. Operation techniques and specifications of analytical 
equipment are given by the respective _manufacturers. This section 
briefly reports features pertaining to measurement of changes, 
especially those features affecting registration capability, normal­
ization and density comparison. 
The Joyce-Loebl microdensitometer-isodensitracer (MDT-IDT) 
produces precise density traces or computer-compatible magnetic tape 
records at a micro level. It has good repeatability and affords 
accurate measurements of density control points. However, film display 
is limited to small areas and the mounting table has little flexibility 
for alignment and viewing. Linear normalizing values and differencing
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ca� be readily accomplished either on single traces or digital outputs
of scans but density changes from isoplots must be done manually. 
Video display units are useful for rapid qualitative comparisons or 
for semi-quantitative work when a high degree of registration and 
density control is not required. Of the several units on the market -
Spectral Data Systems (Digicol), Spatial Data Systems (Data Color), 
Aerojet-General (Spectrovisim) - the latter reportedly offers the best 
spatial resolution and density control. Registration is handled 
electronically and scene exposure-density output is linear. Because 
most video units offer real-time control and great flexibility in 
selecting the width and distribution of density slices they make an 
excellent exploratory tool for identifying major areas of change. 
Simple comparisons can be made on 2 to 4 frames mounted side by side 
in a Data Color unit provided they are pre-normalized, scaled and 
positioned. Use of a density step tablet for normalizing density dis­
tributions has not proved satisfactory. If edge fall-off, repeatability 
and resolution were improved video units would be useful for quanti­
tative work. Among the optical-digital systems, Optronics Photoscan 
outputs proved cumbersome to register. Even though portions of the 
density distributions can be enlarged, rotational and angular changes 
of position are difficult to perform and initial mounting and orien­
tation of successive frames is crude. Its chief advantage is the 
capability to handle density corrections and compute changes. Advanced 
digital units such as the USGS EROS program Dicomed permit identi­
fication of densities of both selected density control points and rapid 
scanning of transient features. These density values are identified 
in a geographic matrix sy�tem prior to storage on magnetic tape in 
register. The computer can be programmed to normalize and compute 
values of change as well cS to process electronic photo-like displays 
of change distributions. 
D. Microdensitometry
For quantitative analyses, a. microdensitometer in common use 
may be employed. Density control points are established, scenes 
singly read or scanned and the pre-determined normalizing corrections 
applied. After the output is registered, differences are determined 
graphically or by computation, areas of change delineated and further 
related to causal processes as dictated by the problem. Figure 21 
shows the distribution of film density at approximately 1.7 to 2 hr 
intervals across the estuary reach illustrated in Figure 23. It is 
in the form of normalized line traces derived from a Joyce Loebl 
microdensitometer. Differences between solid and dotted lines indi­
cate the magnitude of density change, in this case a change due to 
differences in suspended load that varies with current strength. 
Changes from slack water to maximum current are greatest over the 
south shoaJsand least .in the channel. 
The success in application of procedures is demonstrated by 
comparing film density to surface observations, Figure 22. As shown 
in Figure 22A, B the degree of scatter in film density versus optical 
ratio is approximately equivalent to corresponding ECattered obtained by 
plotting Secchi disk depths (J,/b) versus optical ratios. Therefore, it 
appears that an aerial film record of 11turbidity 11 is approximately as 
good as a Secchi disk. Moreover, the surface observations (ground 
truth) from one reach of the estuary can be extended in time within 
limits of the scatter. 
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Figure 21. Graph of film density in a transect across the James 
estuary, Virginia near James River bridge. Vertical 
hachures across transect indicate the distribution 
of suspended material which typically. forms a 11rolling 
carpet 11 over the bottom. Traces derived from Joyce 
Loebl microdensitometer scan across frames A, Band� 
reproduced in Figure 24. 
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Figure 22A. Relation between red band film density and surface obser­
vations for two successive runs every 1.7 to 2 hrs. Oct. 
12-13, 1971 across James River e5tuary at the bridge.
Optical ratio indicates a ratio of scattered to trans­
mitted light intensity.
Figure 22B, Relation between secchi disk depth expressed as 1/D 
and optical ratio for surface observations taken simul­
taneously with those plotted in 20A, 
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Figure 23. Sequential aerial photographs showing tonal changes 
indicative of turbidity variations from maximum ebb 
current (left, upper) to slack water (left, lower) 
3,5 hrs. later. Photos are red band reproductions 
taken with a 70 mm Hasselblad camera from about 7o62 
km (25,000 feet) over a reach of the middle James 
estuary Oct 12, 1971. Bridge spanning estuary (center) 
provided control for positioning surface observations 
of film density traces shown in Figure 21. Chartlet 
to right shows normalized density change derived from 
a photoscan computerized output. Areas of + values 
indicate an increase of film density or loss of re­
flectance (load) from run 1 to run 3 whereas - values 
indicate a decrease of film density. Decrease in film 
density in area marked "effluent" is due to increased 
concentrations of pollutant at slack water. 
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6, Digital_ densitometry 
Normalizing and numerical differencing, averaging, etc. of a 
photo sequence is best accomplished by employing a digital or com­
puterized microdensitometer, An Optronics Photoscan microdensi­
tometer was _employed to separately scan successive 70 mm frames, 
This unit measures, digitizes and records film density on magnetic 
tape for computer processing. A pre-determined linear correction 
was separately applied to each frame to bring the density distributions 
of the sequence to a common density datum. Subsequently density 
differences between successive frames were determined at common geo­
graphic points in each frame. Changes were displayed by delineating 
areas of common density differences. And the change distributions 
were evaluated in relation to bottom topography, current speed and 
local sources of suspended load or effluent. Figure 23 shows film 
density differences during a 3.5 hr period during which the tidal 
current and suspended load varied over a wide range from maximum 
current to slack water. Figure 24 shows corresponding film density 
changes at 1,7-2-hr. intervals during various stages of the tide. The 
plots indicate the greatest density de crease, a gajn of suspended 
sediment load, took place along the northeast (upper) shore between 
maximum ebb current and late ebb current (A & B, A1 Figure 24). 
By contrast the greatest density increase, a loss in suspended load, 
occurred along the same shore between slack water and early flood 
(C & D, c1, Figure 24). Relatively large changes, both a gain (C 1 )
and a loss (A�) are exhibited in an elongate zone (z) through central 
parts of the plots. These zones, as well as those along the northeast 
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Figure 241-\-D. Sequential aerial ·photographs taken at 2-hour intervals 
from maximum ebb current (A) to slack water (C) and 
early flood current (D), Oct. 12, 19 71. Red band 
reproductions of 70 mm frames from about 7.62 km 
(25,000 feet). Reproduction tones necessarily varies from 
original transparencies analyzed. 
Ar�, Distributions of density change for corresponding 
fra�e pairs at left; e.g. Ai is the dens�ty �han�e 
derived from the difference of density d1str1but1ons 
between A and B initially scanned on an Optronics 
photoscan unit. Areas of+ values indicate an increase 
of film density e.g. from A to B whereas - values in­
dicate a decrease of film density e.g. from A to B, 
B to C, etc., or gain in suspended load. Glint in­
dicates unuseable portion of photo struck by sunglint. 
A2 Distribution of film density change between photos
A and C from maximum ebb current to slack water 
Procedures same as for Fig. 24 A1 -c1 •
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shore, indicate areas in which a large amount of sediment is scoured
from shoals during maximum current, transported for a while, and
settled out near slack water. This is a surface reflection of si;:::our
and settling processes that proceed with time a.nd at depth (cf.
Figure 4) throughout the estuary. 
Once a sequence of normalized density plots have been prepared
in digital form many different sorts of analyses can be performed.
Figure 25 gives the concept of a film density nstack
11 from which
densities may be averaged or integrated over a given time span.
Additionally, the distribution of differences between maximum values
can be computed (e.g. inset upper left) or rates of change measured
over a time interval. In some problems, it may be req 1..1ired to evaluate
the film density of a plume in terms of its ttexcessn above an average
or above a background. A trthread 11 through the stack at one point
with time (small arrow) yields a time-distribution of film density
representative of a sequential signature for suspended sediment 
concentrations that varies with fluctuations of current speed (e.g. 
inset upper right). Thus, a film density stack provides a model for 
detecting changes and relating these changes to causal processes. 
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Figure 25. Concept of the film density "stack" illustrating a se­
quence of aerial photos of one area, X-Y axis; Versus 
time, Z P £or specific intervals• Schematic; for com­
plete explanation see text. 
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-7. Procedural summarz
Steps for analyzing sequential photos are summarized schematically
in Figure 26. They are as follows: 
1. Obtain photographs repetitively on the sam� flight line or
track with the photos centered on the� image points to
facilitate registration. Constant flying altitude and
minimal aircraft-camera tilt are required, in addition to
constant exposure-shutter speeds for single runs. Time
intervals should be uniform and 11coupled 11 to the time
character of feature(s) under evaluation.
2. Process film in a single 11batch 11 under controlled conditions
and 2lose to a 1:1 density-log exposure relation. A step
wedge exposed on the head and tail of each roll indicates
the degree of processing control obtained from roll to roll.
3. Scrutinize film to determine if quality allows for resig­
tration, density normalization and differencing. Geometric
distortions may require rectification. If density level
and range through the entire sequence appear to preclude
further analyses, some improvement may be accomplished by
reprocessing duplicate transparencies in the lab.
4. Select density control points using criteria previously
presented. Read density of points in a microdensitometer
and compute average normalizing corrections for each frame
or a portion thereof. Program corrections as necessary to
normalize subsequent outputs.
5. Scan film in a microdensitometer utilizing reference marks
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for subsequent registration of the output. Use the same 
instrument settings throughout each sequence taking into 
\ 
account the full density range of the sequence. Analyze 
one spectral band at a time. 
6. Apply normalization value to density distributions under
examination.
7. Register output of frames to be compared utilizing predeter­
mined reference marks.
8. Compute changes or averages as required.
9. Delineate change distributions and relate to environmental
processes or impacts as dictated by problem.
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Figure 26. Schematic summary of steps for analyzing sequenti
al
photographs through microdensitometry. For details
see text. 
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VII APPLICATION OF SEQUENTIAL ANALYSES TO ORBITAL PHOTOGRAPHY 
Changes relating to the movement of water and sediment around 
Cape Fear, North Carolina, were studied in 70 mm multispectral photo­
graphs_ taken daily from Apollo 9 orbit, March 11 and 12, 1969. The 
photographs were studied first by simple comparative photo inter­
pretation (multiple look), and then changes were analyzed by comparing 
film density distributions in a Data Color unit. Additionally, 
positive-negative composites were prepared and the resulting tonal 
differences enhanced in a Data Color unit. 
Registration of the two day-to-day photographs was generally 
satisfactory despite slightly different view angles. Tones were 
comparable for photos in the same spectral band though selection of 
land-borne density control points was limited by the resolution and 
by the small land area displayed in the frames. Environmental con­
ditions, sun angle and tide, were closely similar from day to day 
inasmuch as the photos were taken at nearly the same time of day, 
0947 March 11th and 1000 March 12th. Moreover, the areas analyzed 
were free of clouds as clear weather persisted over the region under 
the influence of a stable high pressure system. 
Cape Fear is a prominent cuspate foreland broken by an estuary 
outlet (O, Figure 27A) and flanked by barrier islands which are cut 
by small tidal inlets (i, Figure 27A). A larger volume of sediment 
reportedly is eroded from the eastern side of the Cape than is ac­
creted on the western side (El-Ashry and Wanless, 1968). Presumably 
sediment lost from the Cape is deposited on Frying Pan Shoals extending 
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seaward southeast of the Cape 33 km (18 n. mi.) between depths of 
1 to 10.8 meters (Figure 28A).,.though accretion rates on the shoals 
are unknown. Then too, some material may be transported off the 
shoals by currents or wave activity of major storms and thus lost 
permanently into deeper water off the Cape. 
At the time of photography and just prior to�March 10-12, 
swells with periods of 5 seconds and heights of 1 to 1.5 meters 
were directed on the shoals from the southwest and west. Winds 
blew 8 to 10 m/sec (15-20 knots) from the northwest and wind waves 
reached heights of 2.3 meters. Such offshore winds typically produce 
a seaward drift current of about 0.35 m/sec (Doebler, 1966). 
Tonal patterns of the photographs record the reflectance of 
breaking surface waves as well as reflectance of the sandy shoals 
and of su?pended material stirred up by waves and currents from the 
shoald. Near the Cape apex breakers are directly indicated by very 
light tones (b, Figure 27A). Farther seaward along the shoal crest 
where depths are less than 2 m the photos record reflectance of both 
the bottom and suspended materials over the shoals in light tones. 
Frayed lateral boundaries (f, Figure 27A) indicate that tidal currentsJ
which reportedly flow more than 1 m/sec (1.9 knots) north-south 
across the shoals, are active in dispersal of suspended sediment 
off the shoals. In deeper water., dark-toned TTfingers n represent 
tidal channels cutting across the shoals at depths of 10-12 m (c, 
Figure 27A, 27B). Reflectance of nearsurface water in the channels 
is relatively low and therefore dark-toned, because most sediment 
is carried in suspension near the bottom. Thus, tones in outer 
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parts of the shoals mainly record suspended material which is 
distributed in a downward increasing gradient or 11blanket 11 over the 
undulating bottom. 
Beyond the charted limit of the shoals in water depths of 
10 .8 to 28 m., a. broad plume-like feature extends seaward 42 km 
(23 n mi ) to the Gulf Stream. Its outer edge is truncated a.long 
a straight boundary (s, Figure 27A�. Since the plume is recorded 
in red band photos which detect reflectance mainly in nearsurface 
water less than about 6 m, suspended material must extend seaward 
beyond the shoals, its most likely and immediate source. Moreover, 
the pattern of film density decreases with distance seaward from 
the shoals suggesting settling out of nearsurface suspended material. 
This is partly substantiated by analyses of day to day film density 
changes presented in Figure 28B and 28C, During the 1-day period 
the plume generally shrunk laterally but intensified axially, 
especially along its sea.ward extremity beyond limits of the shoals. 
The offshore bottom is a possible but unlikely source of suspended 
material under the given wind and wave conditions, Therefore, both 
the tonal patterns and the density changes indicate seaward trans­
port off the shoals, Such movement is promoted by strong offshore 
winds that create a significant drift current and stir up bottom 
sediments as well. At the time of photography offshore drift and 
stirring of the bottom was most likely augmented by westerly swell. 
Superimposed on the predominate offshore transport, significant 
lateral movements are also indicated, There are light-toned perturbations 
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extending southwest more than 22 km (12 n mj) beyond the /3hoals 
. I 
(p, Figure 27A,). Since these are more prominent in blue-green 
band than· in red band photos a. near-bottom movement is inferred 
J 
(Figure 28C). Additionally, there is a northeastward shift in 
the plume axis from day to day;and a left ''hook'' along outer parts 
of the plume (Figure 28C). These trends indicate a. north to north­
eastward movement across the shoals such as may be produced by tidal 
currents. However, these causal processes are necessarily inferred. 
In summary, analyses of the photographs show a significant 
large-scale dispersal of sediment off the shoals, in part lateral 
as produced by tidal currents, but mainly offshore by the wind drift 
current. The shoals are the proximate source of suspended material 
while the shore zone is the inferred ultimate source� however, no 
direct link between the nearshore drift and large scale transport 
is evident. Although river effluents discharged through the Cape 
Fear estuary entrance may contribute a significant amount of mat­
erial especially in time of flood, the extent of their influence in 
the photos studied is limited to a normal ebb tidal excursion of 
6 km. A longer sequence of photographs combined with in situ measure­
ments is required to determine the ultimate source and to establish 
the predominate direction of dispersal onto and off the shoals. 
Figure 27A AJ. Orbital photographs of the Cape Fear area 1 No�
th
-carolina; left (A) March 11, 1969 and right (A1)
March 12, 1969. The photographs were taken from
Apollo 9 orbit 186 km ( 116 miles) above Cape Fear.
The shoreline is broken by the Cape Fear estuary
outlet (o) and by small tidal inlets (i). Breakers
are seen in very light tones (b) and tidal channels
are inferred at (c). Frayed boundaries of the plume
(f) suggest active tidal currents across the shoals.
The plume is truncated along its outer edge (s) by
the Gulf Stream. Secondary plumes (p) extending 
southwestward are visible in Figure 27A1• Black and
white reproduction of NASA color infrared photographs 
26A-3777A (left) and 26A-3794A (right).
Figure 2/ B, B
1
• Film density distributions of the same area photo­
g:aphed in 27A, A1, March 11 (left) and March 12 (right)·
Tidal channels inferred at (c). Distributions derived 
from analyses of red band photos (NASA 26A-3777D, left 
and 26A-3794D, right) in a Data Color unit. 
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Figure 28A. Bottom topography off Cape Fear, North Carolina. Depth 
contours in meters, from NOS chart 1111. Predominate 
direction of swell and wind March 11-12, 1969, arrows. 
Figure 28B. Film density change indicative of offshore suspended 
sediment transport. From Apollo 9 red band photo 
analyses Figure 27B and 27B1, between March 11 and 12.
Areas of film density decrease from March 11 to March 
12, represent areas of suspended load increase, i.e. 
mainly northeast of the shoals and farther seaward. 
Figure 28C. Areas of film density change delineated by the 1.23 
density contour March 11 and March 12. Inferred cir­
culation, arrows, from different analyses. For details 
see text. 
Figure 28D. Black and white reprod:.iction of a positive-negative 
composite enhanced in a Data Color unit. Patterns of 
relatively large change, dark-tone (c), broadly follows 
those delineated by comparative densitometry illustrated 
in Figure 28B. From NASA red band photos 26A-3777D 
(negative) and 26A-3794D (positive). 
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VIII CONCLUSIONS 
1. Dynami8 features of coastal waters can be effectively detected
and monitored from sequential aircraft and satellite photography
fo.llowing three approaches :
a. By interpreting tonal patterns that relate to knovm hydraulic
flow patterns or surface observations; or by simple compara­
tive analyses, or 11multiple look 11 • Sequential signatures
are of use for features having characteristic time-variations
provided they are free of environmental and photographic
differences.
b. Changes can be qualitatively determined either by compara­
tive ·analyses or by compositing oppositely matched positive­
nega�ive pairs. For quantitative work, sequential photos
must have proper registration and comparable image tones,
i.e. free of photographic and environmental differences.
c. Procedures for comparative densitometric analyses consist of:
(1) establishing grid or reference positions for registration,
(2) selecting stable density control points in successive
frames to normalize photographic and environmental dif­
ferences in transient tonal areas of interest, (3) scanning 
film density in a digital microdensitometer, (4) applying 
normalizing correction, (5) computing density differences 
and (6) delineating areas of equal change. Changes can be 
measured at various temporal dimensions and applied to 
different problems through use of the density stack model. 
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2. ·Application of the procedures to coastal waters is demonstrated
by analyses of tonal patterns representing suspended sediment
and microplankton in the James estuary and lower Chesap2aks 
Bay. 
3. Field and photographic studies revealed four types of w�ter color
boundaries: (1) axial, (2) lateral, (3) distal, (4) concentric.
The first three types develop in a local convergence zone of
secondary currents whereas the concentric type develops where
water masses of different origin meet.
4. Remote imagery is difficult to relate to phytoplankton community
distributions since the relationships between water color and
plankton are complex and variable, the causes of water color
change are varied and community distribution change is often
unassociated with water color change. Phytoplankton distributions
however may aid in interpreting the causes of water color changes
when water mass differences are too slight to be detected by
temperature and salinity differences.
8 7. 
IX RECOMMENDATIONS 
1. Current NASA practice for acquiring sequential aircraft coverage
and for photographic processing in the laboratory needs to be
improved. To achieve proper photo registration there is a need
for repetitive flights at constant altitudes and along the same
flight iine with photos centered on like image points on successive
runs. Time intervals from run to run need to be uniform. For
proper tone (density) control, exposure and shutter speeds need
to be constant throughout single runs1 regardless of illumination
differences or glint variationsJ in passing from land to water.
A step wedge exposed with each frame, such as employed by ERTS,
would provide sufficient control for normalizing changes due to
environmental and photographic differences. Without proper tone
Qnd �egistration control much information on dynamic features
is lost. ! .. 
i. 
2. Additional research needs to be undertaken to learn the time­
character of different coastal features. In particular, continuous
time-series measurements of reflectance and emission are needed
for different features over their full range of temporal variation,
taking into account the many environmental variables that produce
or modify the variations. In addition more background is needed
in photo identification of benthic materials so that the signifi­
cance of change may be determined.
3. Inasmuch as the spectral character of many features changes with
tim� during growth or development, sensing could be improved by
integrating spectral and temporal elements.
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4. Remote sensing studies of the changing patterns of distribution
of benthic vegetation are practical. The natural effects due
to storms, subsequent ecological succession, seasonal change� in
patterns of algal growth, and pattern changes due to dredging or
pollution are of considerable importance and of practical use
over large areas of coastline. Many of these pattern sequences
can be interpreted with present knowledge, and further use of
aerial and satellite remote sensing is warranted· especially as
the significance of more subtle patterns becomes realized.
s. Although water color may be imaged and changing patterns may be
related to circulation and sediment transport, the relationship
to phytoplankton is secondary, and will be useful only in a few
cases, where phytoplankton distribution may help understand the
causes of water color change. The factors causing water color
change are apparently very complex and must be better understood
before further work on remote sensing of phytoplankton distribu­
tion is warranted.
6. The factors that control water color and its time distribution
are poorly understood. More work is needed on the physics of
spectral light scattering and absorption as it affects the
images received by remote sensors. Better understanding should
greatly aid in the interpretation of coastal water color dis­
tributions and sequential patterns.
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APPENDIX I 
MICROPLANKTON, CIRCULATION AND WATER COLOR 
BOUNDARIES IN CHESAPEAKE BAY ENTRANCE 
by 
Mahlon Kelly and Maynard Nichols 
ABSTRACT: 
MICROPLANKTON, CIRCULATION AND WATER COLOR 
BOUNDARIES IN CHESAPEAKE BAY ENTRANCE 
Net microplankton populations, salinity, temperature, 
chlorophyll-a and suspended sediment were sampled from 
helicopters during short intervals of a tidal cycle in a 
3100 km. 2 _area of the Chesapeake Bay entrance. Some
microplankton species were derived from oceanic water, 
others from James River water, and the rest had an 
ubiquitous distribution. The James River and oceanic 
·species appeared to be conservatively mixed and could be
used to trace the circulation pattern. Water color changes
were related to microplankton population differences,
presumably because water color and microplankton are both
determined by water mass history. It is suggested that
water color and microplankton distributions may be very
useful for interpretation of near-shore circulation. It is
concluded that coastal microplankton connnunity composition 
is in part determined by circulation, and that circulation 
and transport IIU1St be taken into account in modeling 
estuarine microplankton community development. 
1 
Ketchum's (1954) discussion of the physically dominated 
development of phytoplankton populations in the circulatory 
regime of estuaries points out why plankton comrm.tnities in 
estuaries are very complex. The populations depend on both 
reproductive rate and transport. The information theory 
analyses of Margalef (1958) and Patten (1962, 1966) attempt 
to describe and partly explain th� complexity, but depend on 
the assumption that the connnunity structure develops only in 
response to the local biotope. But microplankton are carried 
by tides, mixing processes, and net transport into areas 
other than where they developed. Also, they are mixed and 
diluted by fresh and salt water exchange processes. To what 
extent then is an estuarine plankton community made up of 
immigrant populations not adjusted to the local biotope? 
And what is the implication of the lack of adjustment for 
the information theory analyses of Patten and Margalef? 
Also, since different bodies of water have different 
microplankton populations we may further ask to.what extent 
microplankton populations may be used to trace the history 
and circulation of estuarine waters. 
Immigrant populations are reduced in numbers by mixing 
and diffusion processes so that the less numerous, larger, 
longer lived and less frequently reproducing species would 
most likely represent the immigrants. These larger, 
inf�equent speci�s usually show the most homogenous, least 
patchy distribution; the best indicators of water mass 
transport should be net microplankton collected from large 
2 
volumes of water. These infrequent microplankton are not 
enumerated with most counting techniques because of the 
small volumes sampled. Moreover, since sampling a large 
area from a boat requires at least a major part of a tidal' 
cycle, stations are sampled at different times in the cycle 
and tidal movement obscures both the short-tenn patterns of 
distribution and their change with. time. We have used 
helicopters to sample a large area within a small interval 
of a tidal cycle. Concentration of samples with a 35 µ 
aperture screen has allowed examination of large samples. 
Our work was undertaken as part of a larger study to 
relate water color patterns seen in aerial and satellite 
phot�graphy to microplankton distributions brought about by
water movement and mixing. The color of a water body is 
determined by its content of suspended and dissolved 
material and hence by its past history. Patterns of 
differing color and tone are seen in aerial photographs of 
estuaries and these are related to circulation patterns 
(Kelly, 1970). The color changes often have sharp 
interfaces that often represent boundaries between different 
water masses. Such water color interfaces are connnon in 
lower Chesapeake Bay and simil.ar interfaces are seen in 
aerial photography off the tip of Long Island, the Cape Cod 
islands, the Florida Keys, as well as in satellite photo-
graphs of capes Hatteras, Fear and Lookout, off the Florida 
and Texas coasts, and in many other coastal areas throue;hout 
the world. 
3 
Can color patterns be related to the distribution of 
microplankton populations, as would be expected if both 
water color and microplankton populations are determined 
by characteristics of the water mass and its history? If 
so, ae�ial photography and more sophisticated remote sensing 
methods could be used to help analyze microplankton 
distributions and together these might tell much about 
detailed circulation. This all could lead to a better 
understanding of the development and maintenance of 
estuarine and coastal microplankton communities. 
METHODS: 
Waters in _the entrance to Chesapeake Bay derive from
the ocean, the York and James rivers and from the upper ' 
bay; the varied source waters make this region well suited
for examination of circulation and the transport.of
microplankton populations. The waters immediately off the
mouth of the James were studied in detail .because of the
contrasting water color patterns often seen there, while the
rest of the area was. sampled in order to delineate the
surrounding population distributions and possible source
areas. Station locations are shown in Figs. 1 and 2 and the
sampling times are given in Table -I. Stations were
positioned to cover both a broad area of 3100 km.2 as well
as narrow zones along interfaces, to allow accurate
navigation (near-buoys and markers) and to selectively
sample areas of contrasting color.
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Samples were collected on 4 days during a period of 
two weeks (June 9, 10, 17, and 18, 1971) as near as possible 
to the time of maximum ebb flow at the bay entrance (withi11; 
±1� hours). Bucket samples were taken while hovering at 
altitudes of 2 to 8 m. The rapidity of sampling required 
careful planning and cooperation. We used a sampling team 
of four; one man handled the sampling gear, another bottled 
samples, a third recorded data and the fourth directed the 
pilots, navigated, and coordinated the sampling. S.:i.mplcs 
from the surface and near the bottom were obtained from a 
boat concurrent with flights of June 18. 
Samples were taken for microplankton counts and for 
determination of salinity and of suspended material and 
chlorophyll concentrations. Temperatures were taken from 
the bucket water irmnediately upon recovery. Microplankton 
samples were preserved with 5 ml. of tincture of iodine; 
suspended materials and chlorophyll samples were filtered 
inunediatelv on return to the laboratory, within 4 hr. of 
col1.ecc:1.on. Chlorophyll was determined by the spectro­
rli.oto�o.tJ'.":i � rrir.thad of St:d d,;:1 nr..d .2nd Pars.orrn (1968) 11sins 
Whatman GFC glass filters and the SCOR-UNESCO calcu.Lation 
formula. Sediment was determined by filtration of 
approximately 150 ml. of water on tared, AA Mill:i.pore 
f :i.J. ti=,rs whir h wP1'."A thPn weigh0d after rl,�y:i.113 Rt 5.S ° C ;.1nd 
stor;-Jge. in a dry room. Salinity ·waE: determined to O. 05 �\ 
7 
with a Beckman model RS-7A inductive salinometer. 
Microplankton samples were concentrated by filtration 
of 1 liter of water through a 35 .µ aperture screen (Tyler\ 
mesh 400). Samples were removed by careful washing and 
preserved with tincture of iodine. These were then concen­
trated to 0.4 ml. by centrifugation and several 0.1 ml. 
aliquots (each representing·l/4 liter of original sample) 
were pipetted onto a slide and cotmted in toto. Only 
species with all dimensions greater than 35 µ were cotmted. 
These included all the armored dinoflagellates, tintinnids, 
zooplankton larvae, and several species of diatoms, as 
listed in Table II. This counting technique has been 
discussed in 'detail by Kelly (1968) and has been found to 
be simpler and more consistent than centrifugation or 
Millipore filtration for processing large samples. The 
.. 
method was particularly suited to this work since it 
,, 
·enumerated the larger, longer lived species that were likely
to be good water mass indicators.
RESULTS: 
Circulation Patterns: 
The circulation in this·area has been described by 
Harrison, et. al. (1967), and by Pritchard (1952, 1968). 
In general, higher salinity oceanic water enters the bay 
entrance in the :tower estuarine layer of the channels and 
' along the northeast side around Cape Charles.- In general' 
lower salinity water passes to the south along the western 
8 
bay· shore, mixes with James River water around Thimble 
Shoals, stays near the southern shore, and exists around 
Cape Henry. Salinities measured during our study conform 
to the general circulation pattern with freshened water on 
the west and south side of the bay entrance and more salty 
water to the northeast as shown in Table I. High rainfall 
in the Virginia Piedmont 3 weeks previous to the sampling 
had produced a substantial "freshet" in the James. 
Salinities were depressed to a minimum of 5 %o in Hampton 
Roads, June 7, and were still abnormally low throughout the 
bay entrance-June 17-18. Surface temperatures were 
.relatively uniform throughout the area and decreased only in 
the offshore water (Table I). 
Microplankton Distributions: 
Microplankton species could be categorized by their 
distribution into the 3 groups given in Ta�le II. Ceratium 
tripos is a typical oceanic species and was found in 
·· greatest numbers offshore. The only major James River species
was Tintinnopsis parvula, which showed a decrease in numbers 
away from the mouth of the river. The ubiquitous forms 
included many of the less numerous species. Coscinodiscus 
spp. and the copepod nauplii may have appeared ubiquitous 
because different species could not be distinguished while 
counting. Several of the less frequent species, those 
marked P (present). in Table II, appeared to be also 
ubiquitous but were too few in number for definite 
conclusions to be drawn� 
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Microplankton and Circulation: 
The distributional isopleths of microplankton 
populations in surface waters show the qualitative movement 
\ 
of James River and oceanic water within· the bay entrance 
(Fig. 4). The ntunbers of C. tripos were highest offshore and 
in the bay to the north and west of Cape Charles, while high 
numbers of T. parvula extended from the James River along 
the south shore and arotmd Cape Henry. The distribution of 
these two species therefore suggest a movement of offshore 
water in. around Cape Charles and along the eastern shore 
and the movement of James River water along the south shore 
and around Cape Henry, in accord with the circulation pattern 
described above. The distribution of the other oceanic 
species conformed to this pattern. 
Plots of C. tripos and T. parvula against salinity 
(Fig. 5 and 6) suggest these species were distributed by 
conservative mixing; C. tripos showed the expected increase 
and T. Earvula the expected decrease with increasing salinity. 
The scatter in the salinity plots however points out that 
factors other than simple mixing of James River and offshore 
water regulated the distributions. If the stations in the 
. - -
York River (STS. 17-1, 2), the central bay (STS. 17-3, 4, 7; 
1300, 1345 and 1430), the bottom water samples (stations 
marked B), the stations south of Cape Charles (STS. 17-8, 9) 
and certain stations off Cape Henry are eliminated, the 
relationship between salinity and cell number is much more 
11 
Figure 4, Distribution of Tintj.nn911d• .l!.!m!.! 
population, at the detail l.nterfac• otationo, 
J,me 17, 1971, l.n cell• �r Uter, Nau th• 
· aharp docrUH 110rthw.rcl acToU · the 1.ntortece, 
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conspicuous. Removing those stations is justified as 
follows: 1) The central bay stations were influenced by 
water from further north and thus had lower James River and 
offshore populations than expected from the salinity alone. 
2) The bottom samples were presumably influenced by deeper
offshore water and by settling of moribund cells, and thus 
would not be expected to fit the salinity curves. 
3) Vertical movement would introduce different populations.
4) The mixing off Cape Henry was very complex and produced
anomalous numbers, as described below. The relatively low
salinities and numbers of C. tripos and T. parvula at
stations 1300, 1345, and 1430 are significant in that they
were taken later durin� the ebb tide and the low numbers
presumably reflect the ebb of upper bay water into this area.
We can conclude then that the relationships between salinity
and cell numbers of both C. tripos and T. parvula were
controlled by mixing of James River, offshore, and upper bay
water, and that they were influenced at depth by the
intrusion of offshore water in the lower estuarine layer as
well as by mixing off Cape Henry.
A logarithmic plot of C. tripos against C. fusus 
further confirms their distribution by conservative mixing 
(Fig. 7). Since it is unlikely that the reproduction and 
mortality of both species would be identical, the close 
correlation suggests an origin by mixing of populations 
from a single water mass. · C. arcticum, C. bucephalum and 
C. lineatum followed a distribution similar to that of
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£. tripos and C. fusus, although they were present in much 
lower numbers. Guinardia flaccida and Eucampia sp. did not 
show as close a correlation with the Ceratium species; they 
occurred in relatively greater numbers in the deeper samp1es 
and in the northeast area. That distribution suggests an 
origin in deeper water and distribution by vertical mixing 
from the lower layer. 
A logarithmic plot of£. tripos vs. T. parvula shows 
a good negative correlation (Fig. 8), and this suggests that 
the James River and offshore water were the source of most 
of the water in the area sampled. Northern stations show· 
the poorest correlation; both C. tripos and T. parvula were 
low in numbers because of dilution by bay water. 
Scatter diagrams of the distribution of oceanic and 
James River species allow 3 water mas.ses to be identified;
stations in these water masses are pointed out in the 
figures and the clustering in the'species plots shows the 
· differences between the different areas. 1) The central bay
was dominated by water coming from the north and had low
populations of both C. tripos and T. parvula. 2) The area
to the south and west of Cape.Charles was strongly influenced
by offshore water flowing into the bay, as seen in the
r�l�tively high populations of C. tripos and C. fusus.
3) The water along the south shore was mainly derived from
the James River, ·as shown by the high populations of T.
parvula, and it was mixed with oceanic water as it flowed
eastward, as witnessed by the increasing numbers of c. tripos
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and clustering, also the relatively low 
populations of the central bay· stations. 
and decreasing T. parvula. The waters off Cape Henry 
presented particular problems, inasmuch as populations and 
salinities varied greatly in that area. Harrison, g. al. 
1
(1967), have postulated a circulatory eddy off Cape Henry, 
and it seems ·likely that very complex mixing occurred there 
especially on the ebb tide. Some of the populations were 
similar to those on the south shore of the bay, while others 
appeared to be derived from offshore. These species 
distributions and different water masses demonstrate that 
microplankton populations can be used to define the source 
·and fate of water that enters, mixes and passes through an
estuarine entrance.
Some of the ubiquitous species such as G. lenticula, 
P. leonis and Tintinnus sp. showed no association with
either salinity or other species� Pleurosigma normanii was
ubiquitous, but a scatter diagram shows that it did have a
definite association with certain areas (Fig. 9). If
statistically significant numbers of some of the rarer
species, such as P. pentagonum, P. divergens and D.
norvegica had been counted they might also have shown
definite associations. These ubiquitous species populations
may __ have beeri previously introduced from outside the area or
they may have developed in situ. It appears that if there
were any identifiable microplankton corrnnunities or
assemblages associated with different areas of the lower bay,
they were masked by species populations introduced from
outside and by populations patchily ubiquitous throughout
19 
the area. Fifteen of the 24 forms identified to generic 
level were innnigrants, and the rest did not show any 
tendency to associate in assemblages. 
Microplankton and Water Color Patterns: 
Sharp .interfaces between relatively clear and turbid 
water were most strikingly observed off the mouth of the 
James and off Cape Henry (Fig •. 1). Brown-colored, more
turbid waters occurred to the south of both interfaces, and 
the interfaces were marked by differences in surface 
reflectance and accompanied by foam and debris lines. The 
'interface off the mouth of the James was sampled in detail to 
find if it was associated with an abrupt change in micro­
-plankton composition (Fig. 2). 
Water color interfaces were also seen to the southeast, 
southwest and west of Cape Charles (Fig. 1). Water color. 
contrasts there were not as great as in the other two cases, -- . 
although the water appeared more turbid on the northerly 
sides. 
Detailed sampling (Fig. 4) showed a much higher 
population of T. parvula south of the James River interface, 
with a sharp drop in numbers as. the int:erface was crossed. 
� tripos also showed a sharp decrease in numbers across the
interface. As expected, most of the ubiquitous forms did 
not show a signifi�ant change across the interface, and all 
of the oceanic forms except C. tripos were too few in number 
to show significant change. 
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The scatter diagrams of T. parvula vs. P. normanii 
(Fig. 9) show separate clusters for stations north and south 
of the int erface and this suggests a significant change in 
community structure. The interface did not move appreciably 
during the three hours of observation and was not therefore 
a tidal front. Its position suggests that it was a shear 
zone between the outflowing James River water and mixed 
river-bay water that had exited on the previous tide. This 
would explain the different clusters in the scatter diagrams. 
No differences in ubiquitous species were seen across the 
interface, presumably because there were not sufficient 
differences in their numbers between the James River and bay 
waters. 
The interface off Cape Henry showed no relationship 
with any of the species distributions. T. parvula, c.
, tripos, G. flaccida, P. normanii and other forms were very 
patchy there. It seems likely that the complex distributions 
there were caused by the complex eddy circulation mentioned 
above.' Color change across the interface was probably 
caused by suspended sediment washed into the water from the 
shoals north of the Cape; large quantities of sediment and 
benthic Foraminifera were seen in the samples from the more 
turbid water. 
None of the other water color interfaces were sampled 
sufficiently to be·sure whether they were boundaries of 
plankton population change, although an abrupt change of 
21 . 
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salinity and T. parvula across the.interface northwest of 
Cape Charles and a change in salinity across the interface 
east of the Cape suggest that sharp differences may occur. 
The turbid water north of the latter interface contained 
much suspended sediment, and the change in salinity and the 
position �f ·the interface suggest that it may have represented 
a shear zone at the edge of the ebbing bay water. The inter­
face south of Cape Charles was particularly interesting. 
Water temperature changed by 1.2 ° C, salinity by 5.6 %o, and 
there was striking change in the numbers of oceanic species 
across the interface. These changes, along with a change in 
depth from 10 to 2 m. in a channel shoulder, strongly suggest 
the changes in water color and phytoplankton populations were 
due to turbulent mixing and upward movement of deep water. 
Chlorophyll and total suspended concentrations (Table I) 
showed no direct relationship with water color or phytoplank­
ton populations. Massartia sp. and other nannoplanktons 
were very numerous and patchily distributed throughout the 
area; these probably accounted for most of the chlorophyll. 
Concentrations of total.suspended material were highest in 
the James River and decreased with distance from the mouth. 
They were also high at certain stc:.tions off Cape Henry where 
microscopic examination showed bottom material had been 
mixed into the water. The lack of relationship between 
total suspended load (mainly sediment) and water color is 
surprising since sediment is often a major cause of turbid 
water. 
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In sunnnary, our results show that the net microplankton 
of the lower bay consisted of species from offshore and from 
the James River and of species patchily distributed through­
out the area. The species distributions indicated the 
circulation patterns. In at least one case and possibly 3 
others the water color interfaces were associated with 
distinct changes in plankton populations. These results 
have several further implications. 
DISCUSSION: 
Microplankton as an Indicator of Circulation: 
The local population of any species is determined by 
its natality, mortality, immigration and emigration. 
Immigration and emigration of microplankton may be treated 
as mixing, the same as the dispersion of an effluent or dye 
marker. If mortality and natality are negligible or equal, 
then the mixing is conservative. Any measurable, conservative 
parameter may be used to trace the transport and mixing of a 
water mass. 
If transport and mixing are to be analyzed, the 
populations in the source water must not vary greatly in the 
time required for its movement in the area of study, or the 
populations at the time of departure must be known. Consider 
the James River species: If the individuals off Cape Henry 
left the James 5 days before sampling, the mixing could be 
calculated only by using the James population at that 
earlier time. Also, natality and mortality will never be 
25 
negligible over long periods of time and precise calculation 
of mixing could be made only· if natality and mortality were 
known in the source water and in the mixed water. 
During our study it appeared that natality, mortality 
and fluctuations of source populations were nearly negligible. 
It seems very unlikely that two or more species would have 
the same birth and death rates, and the good correlation of 
c. fusus and C. tripos numbers strongly suggests that they
originated in the same water body and were mixed conservatively. 
The relat�onship of C. tripos to salinity further reinf0rced 
.this. The inverse relationship between c. tripos and T. 
parvula suggests that the latter species was also mixed 
conservatively. As shown above, these species can be used 
to trace.the movement and mixing of the James River and 
oceanic water. 
This.method will work only if the populations originate 
in single discrete sources. For example, if the York and 
., 
James had similar flows it would have been impossible to 
decide which was the source of the mixed populations. 
Microplankton may prove to be best used as an indicator 
of tidal transport, since a tidal cycle is too short for 
significant mortality or natality effects. A series of 
·-·-
samples taken rapidly over a wide area should allow precise
estimation of the rate of tidal transport and mixing. As
mentioned in the introduction, all the samples must be taken
during a short interval of a tidal cycle since the tidal
movement might obscure the transport. Helicopters seem to
be ideal for such work.
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To what extent may these methods be applied to other 
coastal areas? Any estuary mouth, harbor or sound should 
show mixing of different microplankton populations from 
different bodies of water. 
\ 
We have a few samples from the 
entrance to Long Island Sound and from Buzzards Bay that 
suggest similar analyses could be done in those locations. 
Any separate body of water should have an identifiable 
microplankton corrnnunity, and it should be possible to trace 
the mixing of the water by the movement of the populations. 
Even if mortality and natality are not negligible or 
measurable the qualitative transport should be detectable. 
More work is needed to apply this method to tidal studies 
and to other areas, and .the results should be compared with 
physical models of the expected circulation. 
Population Transport and the Development of Phytoplankton 
Communities: 
The natality and mortality of a microplankton population 
is presumably determined by the relationship between the 
species' niche and the habitat. If innnigration and emigration 
of most species is negligible, the development of the 
community depends on the "adjustment," by reproduction and 
death, of the various populations to the physical and 
biological habitat. This has led to the information theory 
analysis of speci�s diversity and community structure 
developed by Margalef (1958) and Patten (1962, 1966). In 
other terms, connnunity succession should tend toward optimal 
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use of the biotope. If the biotope changes, either through 
physical habitat or community change, the community should 
readjust. Patten (1966) calls this adjustment process 
biocoenosis. 
If however, a major portion of the species are introduced 
by conservative mixing the adjustment by mortality and 
natality would be only part of the factors determining 
community composition, and ·the information content of the 
community would be in part independent of the species' 
biological adjustment to the biotope. We found that a 
majority of both species and individuals of net microplankton 
in our study area were introduced without any apparent 
mortality or natality adjustment to their new environment. 
Although we only examined net microplankton, the smaller (and 
more numerous) species should be distributed by similar 
mechanisms. It appears that the microplankton corrnnunity may 
not be described or modeled simply in terms of adjustment of 
populations to the local biotope. 
Most coastal and estuarine waters are strongly mixed 
and many members of microplankton corrnnunities in such waters 
must be controlled by mixing. _ The process of biocoenosis 
may-control community composition in isolated estuaries and 
inlets with long residence times. In the more corrnnon ' 
coastal waters that are dominated by tidal circulation 
mixing and passive transport or populations must be part of 
any model of community development. 
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Water Color and Micrqplankton Transport: 
Circulation patterns of variable water color seen in a 
wide variety of coastal waters are determined by the light 
absorbed by suspended and dissolved materials and by light 
backscattered by suspended particles. Since the dissolved 
and suspended material is determined by the history of the 
water, as well as by particulate material mixed from the 
bottom, the water color should indicate water mass distri­
bution in a way similar to phytoplankton populations. The 
results bear out this reasoning; the James River water 
color interface was a boundary of changing phytoplankton 
populations, and the other color variations may have been 
associated with plankton population change. 
Although work is needed at other estuarine locations, 
in other seasons, and over wider .areas, our results suggest 
that microplankton population distributions may be useful 
for interpreting the causes of water color change. If so, 
the microplankton should be useful in allowing the water 
color patterns to be used for interpreting transport and 
current patterns. 
Large area water color changes are obvious in many 
satellite photographs. There has been much speculation 
as 1::0· the interpretation of these color patterns, but no 
measurements have been made at the same time the photographs 
were taken. Much.more imagery will soon be provided by the 
planned earth resources satellites. If color patterns can 
be related to coastal water transport; the satellite imagery 
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should be very useful for analyzing patterns of coastal 
circulation. Our work suggests that the phytoplankton 
distribution may be used to interpret the water mass origin 
and transport in relation to water color changes. If this 
holds true over the large areas seen in satellite imagery, 
and if the phytoplankton distributions can be related to 
models and analysis of circulation, it should be possible to 
use water color and phytoplankton distribution to improve 
understanding of detailed coastal,circulation. 
30 
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Table I - Data from samples of June 17 and 18. 
Major net microplankton species numbers are 
shown in figures. All surface samples unless 
indicated in station column. 
Time 
(EDST) 
T °C Salinity 
�,'-/_oo __ 
chl-a 
· mg. rn:- 3
17 June, 1971: 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
0908 
0910 
0914 
0915 
0923 
0924 
0930 
0935 
0937 
0939 
,Q944 
0947 
0950 
0954 
0958 
1002 
1007 
20.6 
21.0 
21.0 
20.8 
20.7 
20.4 
21.6 
20.2 
20.4 
19.2 
20. 4 
20.0 
.. 19. 4
20.8 
19.2 
20.8 
21.6 
17.70 
17.70 
17.85 
17.95 
23.65 
21.30 
19.05 
22.20 
27.80 
26.85 
28.20 
27.45 
22.70 
-- 21. 45 
23.35 
22.00 
19.35 
33 
7.9 
6.4 
10.9 
7�9 
5.3 
5.5 
6.7 
6.2 
4.5 
4.1 
3.5 
2.8 
4.1 
7.5 
5.0 
6.3 
5.6 
Total suspended 
material 
Mg.1:-1 
28.7 
.. 29 .1 
26.7 
19 .,5 
25.5 
25.6 
22.2 
26.9 
34.8 
26.7 
39.3 
32.0 
26.5 
26.0 
, 45. 0 
29.7 
16.0 
Tab if'.! I - cont. 
Sta. Time T .°C 
(EDST) -- --
18 1012 21.4 
19 1134 21.2 
20 1141 20.9 
21 114.3 21.0 
22 21.0 
· 23 1148 21.5 
24 1149 21.4 
25 1150 
26 20.4 
27 1155 21.4 
28 1158 21.2 
29 1159 21.0 
30 1202 21.5 
18 June, 1971 
1 0910 21.1 
2 0913 21.1 
3 0914 · 21.l
4 0917 21.3-. 
·5 ·.·--092 0 21.1
6 0924 21.3
7 0926 21.3
8 0928 21.3
9 0931 21.2
Salinity 
o ;oo 
19.60 
18.55 
19.95 
19.25 
19.20 
19.20 
19.10 
19.45 
18.90 
18.00 
18.50 
18.95 
17.30 
J.9.00
19.10 
18.95 
18.80 
19.20 
18.90 
18.85 
18.95 
19.00 
34 
chl-a. 
. -3mg.m • . 
6.9 
4.7 
3.3 
5.6 
7.4 
10.4 
12.4 
8.6 
10.8 
8.9 
8.7 
9.3 
9.8 
..... �-
7.7 
8 �.7 
5.4 
'6.6 
9.5 
7.5 
6.2 
5.7 
6.1 
Total suspended 
.. material 
Mg.1.-l 
122. 5 
31.5 
37.3 
30.5 
25.0 
25.0 
35.1 
24.7 
31.4 
31.0 
26.4 
24.1 
27.4 
24.0 
25.0 
25.5 
25.0 
22.5 
24.0 
26.0 
24.5 
22.5 
Table I cont. 
. I 
Time T oc Salinity chl-�
3 
Total suspended 
st.a. . .material 
(EDST) o ;oo ���- Mg:.1.-l -
I 10 0937 21.2 19.03 4.9 23.0 
11 0946 21.1 19.50 5.2 29.0 
12 0950 21.1 1905" s.o 25.5 
13 1004 21.9 12.50 2.2 23.0 
I 14 1006 13.50 2.4 44.4 
I 17 1154 21.0 22.40 3.4 24.0 
18 1201 21.0 19.85 6.0 24.0 
I 19 ·1206 20.7 21.70 3.4 27.7 
20 1209 21.1 20.45 6.4 24.5 
21 1212 · . 21. 0 20.20 6.7 23.0 
22 1213 21.1 . 20 .10 10.0 25.0
23 1217 20.7 21.40 8.1 31.5 
24 · 1220 21.0 . 19'. 45 10.0 23.0 
25 1225 20.4 25.10 4.5 29.0 
26 1227 20.3 27.65 
. ..... 
3 .'2 35.5 
18 June,1971, boat cruise 
0945 0945 21.3 18.70 4.9 33.5 
14m. 0945 19.70 7.0 45.0 
1015 1015 21.4 · ·-·19; 05 8.9 21.0
· ·-�-
3.7m. 1015 19.05 8.5 28.5 
1055 1055 21.5 19.10 6.5 22�0 
14m. 1055 20.55 3.4 34.0 
1120 1120 21.3 19.75 10.1 30.5 
6m. 1120 19.75 8. '1 30.5 
35 
Tllble ,. - cont.... 
Sta. Time T oc
(ED,_?T) 
1145 1145 21.3 
4.7m. 1145 
1230 1230 21.5 
13.Bm. 1230 
1300 1300 2)..7 
10.2m. 1300 
Salinity 
o ;oo
19.80 
19.75 
18.90 
26.20 
18 � 50 . ·
24.50 
36 
chl-a 
-3mg.m. 
9.5 
10.9 
8.8 
3.7 
a.1· 
4.4 
Total suspended
.material 
Mg:.1.-l -
32.5 
41.5 
20.5 
38.0 
27.0 
26.0 
Table II - Microplankton species counted for 
distribution. P indicates 9resent in 
quantities less than 10 cells/1. on 
June 17 and 18. Note that of the 21 
forms identified to generic level, 15 
had an origin outside the bay. 
Oceanic species: 
Bidulphia spp. P 
Guinardia flaccida 
Eucampia sp. 
Ceratium t1.,ipos 
C. buoephalum P
C. arcti.:rnm
C. fusus
- C. macroceros P
C. "Linea-tum P
Peridiinum leonis 
P. divergens P
Dinophysis norvegica P 
D. caudatum P
D. spp� P
James River species: 
Tintinnop$iG parvula 
Ubiquitous species: 
Cosainodiscus spp. 
Pleurosigma normanii 
Auxospores 
P. pentagonum P
Gonyaulax digitaie P 
G •. scrippsae P 
Glenodinium Zenticula 
Gymncdinium splendens P 
Tintinr.us .sp. 
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Copepods 
Copepod nauplii 
Copepod eggs 
Barnacle nauplii P 
Bosmina sp. P 
APPENDIX II 
SURFACE OBSERVATIONS AND DATA FROM SAMPLES 
OF OCT, 12-14, 1971 
APPENDIX II 
EXPLANATION OF HYDROGRAPHIC AND 
SEDIMENTOLOGIC "GROUND TRUTH" DATA 
NASA MISSION 187 
CODE 1 SAMPLING PLATFORM 
01 R/V Virginia, 45-foot sailing vessel 
02 Runabout, 15-foot Thunderbird type 
03 Helicopter, u. s. Coast Guard 
04 Skiff 
05 Runabout 
06 Jamestown 
07 Runabout, 
Date 
Time 
Lat 
Long 
Depth 
Temp 
Salin 
Opt L. R. 
Susp Cone 
Color 
Chloro 
Disk Depth 
Med size 
Mean size 
from Wachapreague 
ferry 
14-foot scow
Day, Month, Year 
Hours to tenths, local· EDT time 
Latitude, degrees, minutes 
Longitude, degrees, minutes 
Sampling or measurement depth below water surface in meters 
Temperature in degrees Celcius from stem thermometer 
Salinity in parts per thousand by conductivity measure-
ments on a Becaman 7R5-7A salinometer 
Optical logarithmic ratio of scattered to transmitted light 
Total concentration of ruspended material in mg/1 by 
by filtration on Millipore or Nuclepore filters 
with 0.8µ pore size. 
Color of filtrate in Munsell notations: e.g. SY 7/8 
hue, value, chroma. 
Chlorophyll-a content in µg/1 
Secchi disk depth in meters 
Median particle size of suspended material in microns 
Mean particle size of suspended material in microns 
I-' 
Appendix II. Surface observations and data from samples of October 12-14, 1971. 
OPT SUSP 
SOURCE DATE Titv1E LAT LONG DEPTH 'rEMP SALIN L.R. CONC COLOR CHLORO 
()2 12/10/11 10.4 37 13.6 76 27.5 oo.o 19.06 18.15 4.3 9.8 
UC: 12/10/71 10.4 37 13.2 76 27.5 oo.o 2,.02 17.61 -0.15 12.3 5Y7/2 5.9 
U2 L:'.'./10/71 1 0. c; 37 13.7 76 2.7.5 oo.o 19.08 18.78 4.8 7. 5 YB/4 8.0 
U 2 12/10/71 10.5 37 13.7 76 2/.5 16.0 21.04 22.6 5Y8/2 3.9 
02 12/10/71 lJ.7 37 14.3 76 27.6 oo.o 20.00 19.03 -U.40 5.9 7. 5Y8/4 4.1
UL 12/1('/71 1 CJ • 7 37 14.3 76 27.6 09.0 20.23 19.7 1.7 
02 12/10/71 10.7 37 14.3 76 27.6 20.00 6.3 
uZ 12/10/71 10.9 37 14.9 76 27.7 oo.o 18.04 18.78 58.2 8.5 
02 12/10/71 11. 9 37 14.6 76 30.2 oo.o 19.04 16.58 -0.31 9.4 7. 5 Y8"4 8.5 
02 12/10/71 11. 9 37 14.6 76 30.2 oo.o 19.06 16.32 -0.17 8.0 10.7 
02 12/10/71 12.4 37 13.2 76 2/.5 oo.o 23.04 18.15 10.4 7. 5 Y7/2 11.7 
02 12/10/71 12.4 37 13.6 76 27.5 oo.o 21.00 17.81 4.7 9.2 
G2 12/10/71 12. 1-t 37 13.6 76 27.5 oo.o 20.02 13.8 
02 12/10/71 12.5 37 13.7 76 2/.5 00.0 20.02 18.16 4.1 8.8 
G2 12/lC/71 12.5 37 13.7 76 21.'J 16.0 20.92 18. l 9.3 
02 12/10/71 12.6 37 14.3 76 27.6 oo.o 20.04 18.02 -0.23 5.9 8.3 
02 12/10/71 12.6 37 14.3 76 27.6 09.0 20.28 -0.05 17.3 7.1 
f\2 L�/10/71 12.7 37 14.9 76 27.7 oo.o 20.00 19.02 -0.30 3.7 9.0 
01 13/10/71 10.2 37 14.6 76 23.4 00.1 20.so 18. 7·) 
02 13/10/71 11.0 37 13.2 76 27.5 oo.o 20.04 
()('. 13/lC'·/71 11. l 37 13.6 76 27.5 oo.o io.02 17.88 55.0 7.5Y8/4 
() -, lJ/1('/ /1 1 1 • 1 37 13.6 76 27.5 oo.o 20.01 18.04 04.5 7. 5Y8/4 ,L 
(J 1 1 j / 1 (J / 71 l 1 • 1 37 14.6 76 23.4 00.1 20.50 18.84 
uz lJ/10/71 11. 2 37 13.7 76 2 ·1.s oo.o 20.00 17.83 04.5 7.5Y8/4 
02 lJ/10/71 11.3 37 14.3 76 27.6 oo.o lCJ.06 17.35 04.3 5Y7/2 
OL lJ/10//1 l l • -3 37 14.<J 76 27. l oo.o 19.0b lb.18 04.0 
> 13/ l(' / 71 11. 4 37 14.7 76 27.b oo.o lY.Oo 18.13 05.0 7. ':iYB/4 '-' C 
'.)c 1.::./1(;/71 1 l • /t 37 14.7 7b 21.6 19.0d 17.91 05.6 7.5Y8/4 
!} 1 lJ/l(l//1 11. 7 ·n 14.6 76 23.4 00.1 20.50 18.41 og. -3 
t, 1 lJ/lf,//l i 1 • 1 37 l/-t. 6 76 ;!j.4 dl.6 20.50 18.41 04. 8 SY8/4 
DISK SIZE 
DPTH tv1ED ME.AN 
2.5 
1. 7 
[3.4 2.8 
1. 7 
l; 6 
1. 6
r 
Appendix II, (Cont 1d.) 
I 
SOURCE DATE TIM: LAT LONG DEPTH 
01 L1/ 10/71 12.1 37 14.6 76 23.4 00.1 
() 1 13/10/71 13.8 37 14.6 76 23.4 00.1 
03 12/10/71 11.2 37 01.9 76 15.3 
03 12/10/71 10.3 36 59.9 76 08.4 oo.o 
0 3 12/10/71 10.4 36 58.3 76 09.l oo.o 
03 L�/10/71 10.5 36 59.9 76 11.1 oo.o 
03 12/10/71 10.5 37 00.2 76 10.9 oo.o 
03 12/10/71 10.5 37 00.5 76 10.8 oo.o 
03 12/10/71 10.6 37 01.2 76 12.1 oo.o 
03 12/10/71 10.7 37 02.5 76 11.7 oo.o 
rv 
03 12/10/71 10.1 37 00.1 76 12.3 oo.o 
03 12/10/71 10.8 36 59.5 76 12.8 oo.o 
03 12/10/71 10.8 37 00.4 76 13.7 oo.o 
03 12/10/71 10.9 37 01.1 76 13.1 oo.o 
0 3 12/10/71 10.9 37 01.8 76 14.l oo.o 
03 12/10/71 1 1. 1 37 00.9 76 14.6 oo.o 
03 LU 10/ 71 11.2 37 01.9 76 11.2 oo.o 
03 12/10/71 11.4 37 01.6 76 11.2 oo.o 
03 12/10/71 11.5 37 01.6 76 11.1 oo.o 
03 12/10/71 11.6 36 58.7 76 07.5 oo.o 
03 12/10/71 11.7 36 59.3 76 07.2 oo.o 
03 12/10/71 11.7 37 00.2 76 06.9 Ou. 0 
03 12/1()/71 11.8 36 .55.6 76 03.6 oc.o 
03 1£.'/10/71 11.8 36 56.8 76 03.3 oo.o 
03 LUl0/71 12.0 36 58.l 76 05.2 oo.o 
03 12/10/71 12.0 36 58.8 76 04.9 oo.o 
03 12/10/71 12.2 36 33.9 75 59.l oo.o 
03 12/10/71 12.2 36 54.8 75 58.7 oo.o 
0� 12/10/71 12.2 36 55.5 75 5b.2 oo.o 
03 L::/10/71 12.3 36 55.7 75 57.5 oo.o 
OPT SUSP 
TEMP SALIN L.R, CONC
20.8 0 18.75 
20.90 
19.40 20.45 . 9. 0 
19.30 21. 07 2.8 
19.55 20.58 3.0 
19.60 19.47 1.0 
19.30 7.3 
19.25 20.54 6.6 
18.90 20.88 3.0 
19.00 20.60 3.0 
19. 70 19.39 2.9 
19.60 18.91 0.3 
19.70
18.�0
18.90 20.47 4.3 
19.75 19.40 
20.20 19.18 2.6 
19.70 19.67 2.6 
20.05 17. 29 13.0 
20.05 19.85 3.6 
19.75 21.26 l 2.01 
19.95 22.23 8.0 
19.60 5.1 
19.90 21.12 -0.50 3.7 
19.60 21.90 -0.43 2.9 
20.15 22.50 3.3 
20.5() 25.92 10.0 
20.35 8.0 
20.lU 22.99 8.8 
20.35 21.87 7.6 
COLOR CHLORO 
l 0Yf¥2 4.4 
5Y814 4.4 
l OY8/2 2.0 
2.5 
5Y8/4 2.1 
5Y&'2 4.4 
5Y7/2 2.1 
3.7 
5Y&'4 2.2 
5Y8/4 
5.1 
7. 5Y8/6
8.0 
7.5Y8/4 
l OYS/2 4.9 
5Y7/2 
5 Y fy'2 
2.9 
l OYBf2 2.1 
1 OY&2 2.1 
2 5Y8/4 2.9 
5Y8/2 2.4 
7.5 
6.4 
7.5Y8/4 5.1 
4.9 
DISK! SIZE 
DPTHf 1:D MEAN 
1.1 
1. 7 
I 
I 
. 
. 
1' 
,I 
I 
l.N 
Appendix II. (Cont 1 d.) 
OPT SUSP DISK 
SIZE 
SOURCE DATE Titv'E 
LAT LONG DEPTH TEMP SALI
N L.R. CONC COLOR CHLORO DPT
H tvlED tvlEAN
03 12./10/11 12.4 36 5B.7 75 48.
5 00.0 20.60 25.50 5.6 1 0Y
fy2 11.2 
03 lL/10/71 12.5 37 01.9 75 54
.9 OO.O 20.30 7.6 
12.6 
03 lL/10/71 12.7 37 11.3 76 03
.8 00.0 20.60 22.14 8.0 
7.6 
03 12/10/71 12.7 37 12.1 76 04
.3 oo.o 20.90 20.81 4.0 
6.1 
03 13/10/71 11.5 37 oo.o 76 12.5 oo.o 19.90 
2.9 
03 13/10/71 11.6 37 00.2 76 1
3.7 oo.o 19.70 
1.7 
03 13/10/71 11.6 37 oo.s 76 12.4 oo.o 19.90 
19.79 1.9 
03 13/10/71 11.7 37 01.3 76 1
3.3 oo.o 20.10 
03 13/10/71 11.7 37 00.6 76 13.
8 oo.o 19.90 19.58 2.0 
03 13/10/71 11.7 37 00.2 76 14
.3 00.0 19.80 17.01 
5Y7/2 1.7 
03 13/10/71 11.& 37 02.9 76 1
2.6 00.0 19.70 19.04 2.7 
5Y8/2 2.0 
03 13/10/71 11.8 37 02.2 76 1
4.3 00.0 20.00 20.15 5.0 2
.5Y�4 3.0 
03 13110111 11.9 37 o3.4 76 14
.4 oo.o 19.80 1.5 z.5
03 13/10/71 11.9 37 01.9 76 1
5.3 oo.o 20.10 
3.4
03 13/10/71 11.9 37 01.1 76 15
.1 oo.o 19.80 
1.7
03 13/10/71 12.0 37 01.2 76 
16.7 OO.O 20.05 19.63 2.2
 5Y8/2 2.4 
o3 13110111 12.0 37 00.1 76
 16.6 oo.o 19.85 19.60 s.
1 2.4 
03 13/ln/71 12.1 36 59.7 76
 18.3 oo.o 19.85 2.0
2.5 
03 13/10/71 12.2 36 58.2 76 
12.8 00.0 20.10 19.90 2.2
 2.5Y8� 3.0 
03 13/10/71 12.2 36 59.l 76 0
8.8 oo.o 19.80 
2.9 
03 13/10/71 12.3 36 58.2 76 0
4.9 00.0 20.05 23.25 
2.5Y8}'t 3.2 
03 13/10/71 12.3 36 58.6 76 
04.4 00.0 19.75 22.86 2.1
 5Y8/2 4.9 
03 13110111 12.5 36 s1.1 75 s
s.s oo.o 20.10 26.12 o.
9 z.sY&4
03 13/10/71 12.5 36 56.9 75 5
5.1 oo.o 20.40 25.02 1.2
 7.5YW4 7.0 
0 3 1 3 / 1 0 / 7 l l 2 • 6 3 6 5 7 • 1 7 5 
5 0 • 8 0 0 • 0 2 0 • 2 S 2 •
 7 5 Y 7/2 5 • 3 
0 3 1 3 / 1 0 / 1 1 1 2 • "f 3 7 0 l • 7 7 
5 5 4 • d O O • 0 2 0 • 0 0 2 5 • 8 5 
3 • 9 7 • 5 Y 8/4 
03 13/10/71 12.7 37 03.4 75 
58.3 OO.J 1Y.9u 
3.U
G3 13/10/71 12.B 37 06.3 76 
00.4 00.0 20.25 
2.9
l; 3 1 J / l 0 / 7 l l 2 • 9 3 7 0 9 • 1 7 u O
 l • l O O • 0 2 0 • 4 U 2 3 • 2 4 3
 • 0 2 • 5 Y 7/4 3 • 0 
, 
(; ; 1 3 / 1 e;. / 7 l 1 1 • 0 3 7 1 3 • ·) 
7 6 0 3 • 4 0 0. 0 2 0. 2 5 2 2 • 8 , 
7 • 0 2 • 5 Y fy'4 3 • 9
Appendix II. (Cont td.) 
I 
SOURCE DATE TIME LAT LONG .
03 13/10/71 13.1 37 13.5 76 08.4 
03. 13/10/71 13.1 37 10.0".76 09.0
03 13/10/71 13.2 37 06.-9 76 07.9 
03 1:1/10/71 13.3 37 09.5 76 12.'-} 
03 13/10/71 13.3 37 11.9 76 16.3 
03 13/10/71 13.4 37 13.9 76 19.8 
03 13/10/71 13.4 37 15.3 76 20.1 
03 13/10/71 13.5 37 14.l 76 22.9 
03 13/10/ 71 14.8 37 00.9 76 14.0 
03 13/10/71 14.8 37 01.2 76 15.9 
03 13/10/71 14.8 37 02.2 76 15.9 
·03 13/10/71 14.9 37 02.6 76 14.2 
03 13/10/71 14.9 37 01.9 76 14.5 
03 13/10/71 14.9 37 01.9 76 13.2 
..p, 03 13/10/71 14.9 37 02.6 76 13.2 
03 13/10/71 15.0 37 02.2 76 11.9 
03 13/10/71 15.0 37 01.6 76 12.0 
03 13/10/71 15.1 36 59.8 76 11.3 
03 13/10/71 15.2 37 06.3 76 13.7 
03 13/10/71 15. 3- 36 56.8 76 12.9 
03 13/10/71 15.5 36 58.2 75 59.7 
03 1:3/10/71 15.6 36 56.2 75 5b.3 
03 13/10/71 15.5 36 58.6 75 58.5 
03 13/10/71 15.6 36 56.8 75 5Y.6 
03 14/10/ 71 12.4 36 56.3 76 04.2 
03 l'tl l O / 71 12.4 36 56.2 76 03.2
03 14/10/71 12.4 36 56.8 76 04.3 
03 l'-t/10/71 12.5 36 55.9 76 03.5 
03 14/10/71 12.8 37.02.4 75 56.2 
03 14/10/71 12.H 37 01.8 7'5 56.3
DEPTH TEMP SALIN 
oo.o 20.20 22.01 
oo.o 20.20 22.79 
oo.o 20.05 22.96 
oo.o 20.00 21. 32 
oo.o 19.70 
oo.o 20.20 
oo.o 20.00 
oo.o 20.30 19.17 
oo.o t9.80 
oo.o 20.40 
oo.o 19.75 20.14 
oo.o 20.00 20.33 
oo.o 20.15 19.11 
oo.o 19.95 18.13 
oo.o 20.05 20.23 
oo.o 20.05 20.29 
oo.o 20.05 17.67
oo.o 20.05 19.02 
oo.o 20.40 21. 4 7 
oo.o 20.40 20.47
oo.o 20.60 23.63 
oo.o 20.70 
00.0 20.10 
oo.o 20.45 24.16 
oo.o 21. 80 23.42 
oo.o 21.70 24.00 
oo.o 21.60 24.97 
oo.o 20.90 23.10 
oo.o 20.65 26.37 
oo.o 20.65 26.36 
OPT 
L.R.
- . 
SUSP 
CONC 
1.3 
0.9 
0.1 
10.0 
3.5 
3.2 
4.0 
3.8 
12.0 
6.3 
0.5 
1. 5
1.0 
2.5 
4.5 
3.0 
DISK SIZE 
COLOR tHLORO DPTH MED MEAN
2. 5 YfY4 2.9 
2.4 
2. 5 Y8A 
5 Y e/4 3.6 
7. 5Ye/4 . 8. 8
7.1 
5Y7/2 4.2 
7. 5Y&,'4 1.0 
5 YE}'Z 
7. 5Y8/l,, 
-, 
1 OY8/2 
1 OYt}'Z 
1 OY&2 
1 OY8'2 
7. 5Y8J4
/ 
4.1 4.4 
1 OY8/2
Appendix II. (Cont td.) . 
SOJRCE DATE TifvE LAT Lot'-JG DEPTH TEMP 
-
(J3 l'-t/10/71 12.9 37 03.2 75 57.0 oo.o 20.45 
03 14/10/71 13.0 37 03.8 75 58.5 oo.o 20.60 
03 14/10/71 13.0 37 03.3 75 59.5 oo.o 20.60 
03 14/10/71 12.9 37 02.3 75 57.5 -oo.o 20.10 
03 14/10/71 13.0 37 03.7 75 58.2 oo.o 20.55 
03 14/10/71 13.4 37 02.8 76 14.2 oo.o 21.20 
03 14/10/71 13.5 37 01.9 76 14.l oo.o 21.30 
03 14/10/71 13.5 37 02.8 76 12.1 oo.o 21.05 
03 14/10/71 13.6 37 02.1 76 12.9 oo.o 21.50 
03 14/10/71 13.7 37 02.8 76 11.8 oo.o 21.65 
03 14/10/71 13.7 36 57.2 76 11.8 oo.o 21.80 
(J 3 14/10/71 13.8 36 59.6 76 18.4 oo.o 20.50 
03 14/10/71 13.9 37 00.3 76 17.9 oo.o 20.70 
03 14/10/71 13.9 36 59.7 76 17.3 oo.o 21.60 
Vl 
03 14/10/71 13.9 36 58.6 76 13.5 oo.o 21.35 
03 14/10/71 14.0 36 57.2 76 11.9 oo.o 21.40 
'0] 14/10/71 14.l 36 59.5 .76 18.4 oo.o 20.80 
03 14/10/71 14.l 37 00.3 76 17.9 oo.o 21.20 
03 14/10/71 14.2 36 59.5 76 17.1 oo.o 20.70 
(13 14/10/71 14.3 37 01.1 76 13.2 oo.o 21.30 
03 14/I0/71 14.3 37 01.9 76 13.0 oo.o 21.40 
04 12/10/71 09.5 37 08.5 76 37.7 oo.o 18.20 
04 12/10/71 09.7 37 08.3 76 38.2 oo.o 19.00 
04 12/10/71 09.9 37 08.3 76 38.2 17.0 
04 L:'./10/71 10.1 37 08.3 76 38.7 oo.o 19.50 
04 12/10/71 10.3 37 08.'t 76 39.6 oo.o 19.20 
04 12/10/71 11.6 37 08.5 76 37.7 oo.o 19.50 
04 12/10/71 11.7 37 08.3 76 38.2 oo.o 20.10 
04 12/10/71 11. 7 37 08.3 76 3U.2 11.0 
04 12/10/71 12.0 37 08.3 76 38.7 oo.o 21.00 
Ut-'1 !::>U!::>t-' 
SALIN L.R. CONC
26.25 5.0 
25.25 3.0 
25.30 3.5 
17.25 1. 5 
21.16 3.0 
19.68 2.0 
19.70 2.0 
19.86 2.1 
19.40 2.2 
18.75 1.2 
19.29 1.5 
17.89 4.0 
21.44 3.0 
19.38 4.5 
20.12 4.0 
17.25 4�0 
19.43 4.3 
17.83 4.0 
19.91 3.0 
19.05 2.5 
3.87 15 ._3 
3.50 -0.06 16.2 
4.69 -0.01 2.8 
11.so 9.0 
4.00 23.0 
3.80 +0.02 17.0 
3.87 -0.15 18.5 
4.57 +0.18 33.6 
3.25 10.5 
COLOR 
· - ·  -
7. 5 Ya,14 
l 0Yfy2 
1 OY&'2 
l OY812 
1 OYf:}'2. 
1 OYe/2 
1 OY8R 
l OY&'Z 
l OY8/2 
1 OY8'2 
1 OY8'2 
2. 5Y8/4 
5Ya,'2 
1 ovm
l OY&'Z 
2.5Yf¥4 
l OY a,'2 
l O Y f.}'2 
5Yl}'4 
5 Y!}'2 
CHLORO 
--
9.2 
5.8 
5.4 
7.3 
8.8 
11.2 
4.2 
DISK SIZE 
DPTH rvED MEAN
3.9 5.2 
3.1 3.4 
2.3 2.5 
3.1 3.4 
4.1 4.8 
2.s 3.2
3.7 5.0 
3.6 4.3 
0.5 
0.6 3.2 3.6 
2.9 3.6 
0.8 
0.5 3.1 3.4 
0.7 
0.9 
--
0.9 
Appendix II. (Conttd.} 
OPT SUSP DISK SIZE 
SOURCE DATE Tit,,'E LAT LONG DEPTH TEMP SALIN L.R. CONC COLOR CHLORC DPTH tvED MEAN 
04 12/10/71 12.2 37 08.4 76 3'i.6 o/J. o 20.20 3. 3 -3 14.3 6.1 0.6 
U4- 13/10/71 08.8 37 06.4 76 31.8 oo.o 18.60 3.85 -0.13 5Y8/4 2.2 0.8 2.s 2.9
(J4 lj/10/71 09.0 37 08.3 76 3o.L oo.o 19.00 4. 3 '-} 8.3 5Y8;4 2.0 KJ. 9 2.6 2.9
04 13/10/ 71 09.l 37 08.3 76 3d.7 oo.o 19.30 4.74 -0.19 7.0 5Yf:Y4 1.7 l. l 3.3 3.4
04 13/ 10;-71 09.3 37 08.3 76 3-1.l oo.o 19.40 4.41 -0.10 9.6 5 Y f},'4 2.0 p.s 3.0 3.7
04 13/10/71 09.5 37 08.4 76 39.2 oo.o 19.20 4.36 +0.02 14.4 5 Yf.}4 3.0 0.7 2.6 3.4 
04 13/10/71 09.5 37 08.4 76 39.2 oo.o 19.20 4.28 -0.06 13. 1 2. 5 Y7/4 2.s K). 7 3.0 3.2 
04 13/10/71 09.6 37 08.4 76 39.6 oo.o 19.10 4.19 -0.02 21.1 2. 5 Y7/4 0.1 3.4 4.1 
(J4 13/10/71 09.6 37 08.4 76 39.9 oo.o lb.70 3.74 +0.10 21.0 2.5Y7/4 3.6 0.4 3.7 3.4 
04 13/10/71 09.7 37 08.5 76 30.2 oo.o 18.90 3.61 +0.12 21. 0 0.5 3.1 3.7 
04 13/10/71 11.0 37 08.'t 76 39.9 oo.o 19.30 3.76 +0.15 24.0 2. 5Y7/4 6.6 0.4 2.4 3.0 
04 13/10/71 11.2 37 08.4 76 39.2 oo.o 19.40 4.09 +0.06 18.3 5 Y 8"4 3.4 0.6 2.5 2.3 
04 13/10/71 11. 1 37 08.4 76 39.6 oo.o 19.40 3.80 -0.05 12.s 2. 5 Y 7/4 3.7 0.1 2.8 3.4 
en 04 lJ/10/71 11.2 37 08.4 76 39.2 oo.o 19.40. 4.12 +0.14 25.2 2. 5 Y7/4 3.7 0.5 4.0 4.4 
04 1::3/10/71 11.3 37 08.3 76 39.1 00.0 19.60 3.93 -0.08 11. 0 5Ya/4 0.8 2.7 3.1 
04 13/10/71 11. 4. 37 08.3 76 38.6 oo.o 19.60 3.84 -0.09 8.0 5Yt}'4 2.2 0.9 2.6 3.1 
O't 13/10/71 1 1 • 5 37 08.3 76 38.2 oo.o 19.60 3.90 +0.03 16.0 2.9 1.0 2.6 3.0 
04 l":J/1()/71 11.6 37 08.4 76 37.8 oo.o 19.40 3.91 -0.10 17.0 7. 5Y&'6 4.4 0.1 3.1 3.5 
04 13/10/71 11. 7 37 08.4 76 37.5 oo.o 19.40 3.92 +0.25 37.3 2. 5Y7/4 4.4 0.3 3.6 3.9 
04 13/10/71 12.9 37 08.4 76 39.·-:;I oo.o 19.60 3.59 +0.17 24.8 2.5Y7/4 3.9 0.5 4.0 4.0 
04 13/10/71 1 -, • 2 37 08.3 76 38.2 oo.o 1 -=t. 90 3. 6') -0.10 8.5 5Y8/4 2.9 0.8 4.2 3.2 
C4 13/10/71 13.Z 37 08.3 76 3·-:1.1 oo.o 19.90 3.73 +0.03 13.5 2.1 0.7 3.2 4.2 
04 13/10/71 13.0 37 08.4 76 39.2 oo.o 19.70 3.67 +0.22 34.0 2. 5y7/4 3.7 0.4 2.8 3.6 
04 13/10/71 1 3 • 0 37 08.4 76 39.6 oo.o 19.90 3.74 +0.04 15.8 2.5Y7/4 3.6 0.1 2.3 2.1 
04 13/10/71 13.4 37 oe.4 76 37.8 oo.o 19.60 3.68 +0.02 16.9 2.5Y7/4 5.1 0.6 3.5 3.7 
04 13/10/71 13.5 37 08.4 76 37.5 oo.o 19.90 0.4 3.1 3.4 
04 13/10/71 1'5. 0 37 08.4 76 39.6 oo.o 19.90 3.46 +0.02 24.0 2. 5Y7/4 2.2 0.6 3.2 2.8 
()It 13/10/71 15.l 37 08.4 76 39.9 OU. 0 19.50 3.62 +0.15 17.3 2. 5 Y "'(;'4 3.0 0.5 2.1 3.5 
(:4 13/10/71 15.2 37 08.4 76 39.2 oo.o 19.4(, 3.25 +0.12 21. 9 2.5Y7/4 2.2 0.6 3.0 4.1 
lj 4 lj/10/71 15.3 37 08.3 76 39.1 oo.o 19.80 3.12 +0.01 13.0 5Ye/4 0.6 
,-' 
-..J 
dix II (Cont'd.) -
�- -- -
SOJRCE DATE 
()4 l3/l0/71 
04 13/10/71 
04 13/10/71 
04 13/10/71 
01t 14/10/71 
04 14/10/71 
QI+ 14/10/71 
04 14/10/71 
04 14/10/71 
04 14/10/71 
04 14/10/71 
05 12/10/71 
05 12/10/71 
05 12/10/71 
05 12/10/71 
05 12/10/71 
05 14/10/71 
05 14/10/ 71 
05 14/10/71 
05 14/10/71 
(J 5 14/10/71 
05 14/10/71 
05 14/10/71 
05 14/10/71 
06 12/10/71 
LdJ 12/10/71 
u t, 12/10/71 
0 (; 12/10/71 
ur l.i/10/71
Ot, 1.c110111
Tlf'-£ 
� ·-
15.4 
15.5 
15.6 
15.7 
11. 7 
LAT LONG 
-
31 08.3 76 3b.7 
37 08.3 76 38.2 
37 08.4 76 37�8 
37 08.4 76 37.5 
3 7 0 8 • 4 7 6 3 9_. 9 
11 • f3 37 08.4 76 39.6 
12.0 
12.0 
12.0 
12.s
12.7 
09.2 
09.5 
09.6 
09.8 
10.0 
11.0 
11. 2
11. 2 
11.3 
11. 3
1 1 • Lt 
11. 4
11. 7
0 -:; • 4
09.6 
0'1. 6 
09.7 
CH. 9 
10.0 
37 08.3 76 38�7 
37 08.3 76 38.2 
37 08.3 76 3b.2 
37 08.5 76 37.7· 
37 08.4 76 37.5 
37 36.5 75 41.2 
37 36.5 75 3b.9 
37 35.4 75 38.5 
37 34.9 75 36.9 
37 34.6 75 34.1 
37 36.5 75 41.2 
37 36.5 75 38.9 
37 36.3 75 38.9 
37 35.H 75 38.5 
37 30.4 75 38.5 
37 34.9 75 36.9 
37 34.2 75 36.'1 
37 34.6 75 34.l 
37 13.Z 76 47.6 
37 12.1 76 47.4 
·1 7 1 2 • 1 7 6 4 7 • 4
37 11.5 76 47.l 
37 11.1 76 '1-7.0 
37 11.5 76 47.1 
DEPTH 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
16.0 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
OPT 
TEMP SALIN L.R.
--
19.80 3.00 -0.09 
19.60 3.06 -0.03 
19.80 3.70 -0.03 
20.00 3.85 +0.06 
19.80 03.64 
20.40 04.31 -0.25 
20.60 04.30 -0.26 
20.00 04.07 -0.13 
06.88 -0.04 
20.20 03.71 -0.04 
22.20 03.99 +0.08 
16.70 24.75 +0.17 
17.40 28.14 +0.07 
17.70 28.85 +0.12 
18.50 28.99 -0.03 
18.80 29.70 -0.11 
19.30 26.28 
19.90 28.67 
19.90 29.17 
19.70j29.18 
19.70 29.17 
19.50 29.58 
19.50 29.55 
20.20 29.96 
18.00 00.42 
19.20 00.44 
18.50 00.64 
19.0U 00.91 
18.20 01.48 
19.00 00.87 
::,u::,t-' 
CONC COLOR 
� 
10.5 5 Y &,'4 
10.5 5Ya/4 
12.7 7. 5Y8/4 
20.0 5Y814 
16.6 2. 5y7/4 
8.5 2. 5 Y7/4 
5Y8,4 
8.3 
13.9 2. 5 Y7/4 
33.l 2. 5 Y7/4
22.5 5 Y?.12 
19.5 2. 5Y7/4 
15.5 5Y8j2 
10.01 5Y8j2 
10.0( SY?/2 
13.0 7. 5 Y8'6 
15.6 
17.0 7. 5Y8/6 
14.0 5 Yf}'4 
15.0 
4.6 
12.0 7. 5 Ya/6 
3.5 
22.1 5Ya/4 
15.7 
21. 5 5 YB.kt
17. 5 5YfY4
11. 3 5Y&'4 
CHLORO 
2.0 
3.2 
4 .. 1 
10.0 
13.1 
7.3 
9.2 
10.5 
4.7 
7.3 
5.9 
5.3 
7.3 
5.6 
UTSK 
DPTH 
0.7 
0.8 
0.1 
0.5 
o.s
0.7 
0.9 
0.6 
6.4 
0.1 
0.5 
SIZE 
MED_ MEAN 
3.2 3.7 
2.5 3.4 
3.4 3.2 
3.6 3.2 
-! u 
CD 
Appendix II. (Cont 1d.) 
SOURCE 
. -
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
Qt, 
06 
06 
CJ 6 
06 
06 
()l 
Ct, 
l)b 
0 l, 
06 
(,6 
. .
DATE 
-
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
11/10/71 
13/10/71 
13/10/71 
L�/10/71 
13/10/71 
13/10/71 
13/10/71 
13/10/71 
1"1/10/71 
13/10/71 
13/10/71 
13/10/71 
13/10/71 
13/10/71 
l]/10/71 
13/l0/71 
13/1(,/71 
TIM: 
10.1 
10.2 
10.4 
11.4 
11. 5
11.6 
11. 7
11. 9
12.0
12.0
12.1 
12.2 
12.3 
10.4 
10.5 
10.6 
10.7 
10.8 
1 t. 0 
11.1 
11.2 
11.2 
11.5 
12.5 
12.6 
12.6 
l2.7 
12.9 
13.0 
13.1 
LAT . 
- -- . 
LONG 
37 12.1 76 47.4 
37 12.7 76 47.4 
37 13.2 76 47.6 
37 13.2 76 47.6 
37 12.7 76 47.4 
37 12.1 76 47.4 
37 11.5 76 47.1 
37 11.1 76 47.0 
37 11.1 76 47.0 
37 11.5 76 47.1 
37 12.1 76 47.4 
37 12.7 76 47.4 
37 13.2 76 47.6 
37 1:1.2 76 47.6 
37 12.8 76 47.4 
37 12.1 76 47.4 
37 11.5 76 47.1 
37 11.1 76 47.0 
37 11.1 76 47.0 
37 11.5 76 47.1 
37 12.1 76 47.4 
37 12.7 76 4"/.4 
37 1::3.2 76 47.6 
37 13.2 76 47.6 
37 12.7 76 47.4 
"37 12.1 76 47.4 
37 11.5 76 41�1 
37 11. 1 76 47.0 
37 11.1 76 47.0 
3 7 1 l • :) 7 6 4 -, • 1 
DEPTH 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
oo.o 
TEMP SALIN 
18.80 00.73 
19.00 00.48 
19.00 00.38 
19.00 00.42 
20.00 00.50 
19.80 00.76 
20.00 01.03 
19.80 00.98 
19.60 00.98 
19.50 00.57 
20.00 00.46 
19.80 00.45 
19.00 00.42 
19.50 00.18 
19.20 
19.20 
19.50 00.77 
19.50 00.76 
19.80 01.09 
20.00 00.97 
19.20 01.06 
19.8() 00.45 
19.50 00.52 
20.00 
19.50 
19.50 
1g.80 00.72 
20.20 00.89 
20.20 00.80 
19.80 00.77 
OPI SUSP 
L.R. CONC 
- -- ·- -
17.1 
18.0 
21.1 
21.7 
16.3 
+0.04 14.2
17.3 
16.0 
24.1 
+0.05 15.1
+0.06 13.7
+0.17 26.0
12.0 
16 ._p 
11.7 
20.0 
24.0 
23.3 
21.6 
19.5 
23.6 
COLOR 
- . 
5Y&'4 
5Y8/4 
5Ye/4 
5Y8/4 
5Y8/4 
5Y&,'4 
5Y8j4 
5Y&,4 
5Y8,4 
5Y8/4 
7. 5Y8/6
5Y8J4 
5Y814 
5Y8/4 
OiLORO 
6.3 
5.3 
4.6 
· 4.9
1.9
3.0
3.2
3.0
3.0
8.1
4.4
4.1
DISK SIZE 
DPTH f'.£D MEAN 
/ 
. ,-, -
T 
r-Appendix II. (Cont 1d.) 
l 
SOURCE DATE Intl£ 
07 13/10/71 l O. -3 
07 13/10/ 11 10.4 
()1 13/10/71 10.4 
07 13/10/71 10.6 
07 13/10/71 10.6 
07 13/10/71 11. l 
07 13/10/71 11. 1 
07 13/10/71 11.2 
07 13/10/71 12.3 
07 13/10/71 12.4 
07 13/10/71 12.5 
07 13/10/71 12.6 
07 13/10/71 12.6 
\.D 07 1.3/10/71 12.7 
07 13/10/71 12.7 
07 13/1()/71 12.9 
07 13/10/71 12.9 
07 lJ>/10/71 14.5 
07 13/10/ 71 1 lt. 5 
07 13/10/71 14.6 
or 13/10/71 14.6 
07 lJ/10/71 14.7 
0 ., 13/10/71 14.7 
() 7 13/10/71 14.9 
07 13/10/71 14.9 
() 7 13/10/71 15.0 
07 13 / l O / ., 1 1 '-5 • 2 
07 14/10/71 1 L 7
07 14/10/71 1 i. B 
U 1 11-tl 1 (l / 7 1 11. 8 
J . .  
LAT LONG 
37 00.7 76 21.6 
37 00.2 76 28.2 
37 00.2 76 28.2 
36 59.6 76 29.l 
36 59.6 76 2Y.l 
36 59.0 76 ·29.s 
36 59.0 76 29.8 
36 58.2 76 30.7 
36 59.0 76 29.8 
36 59.0 76 29.8 
36 58.Z 76 30.7 
36 59.6 76 2Y.l 
36 59.6 76 29.1 
37 00.2 76 28.2 
37 00.2 76 28.2 
37 00.7 76 27.6 
37 00.1 76 27.6 
11 00.1 76 21.6 
37 00.7 76 27.6 
37 00.2 76 28.2 
37 00.2 76 28.2 
3·6 5 9 • 6 7 6 2 '-i • l 
36 59.6 76 29.l 
36 59.0 76 2':i.8 
36 59.o 76 29.o 
36 ':>ci.2 76 30.7 
36 59.6 76 29.1 
36 58.2 76 30.7 
3 6 5 9 • 0 ·16 2 '--j • cl 
36 59.0 76 2'i.8 
CEPTH TEMP 
-· 
oo.o lY.10 
oo.o 19.90 
01.5 
oo.o l�.50 
01.3 
oo.o 19.60 
00.9 
oo.o 19.00 
oo.o 20.50 
00.9 
oo.o 19.20 
oo.o 20.50 
01.0 
01. 4 
oo.o 20.00 
oo.o 19.90 
01.3 
oo.o 20.50 
01.4 
oo.o 20.50 
01.3 
oo.o 20.50 
01.3 
oo.o 21.00 
00.8 
oo.o 20.20 
oo.o 
oo.o 2U.8U 
oo.o 20.50 
00.8 
I OPT SUSP 
SALIN L.R. CONC . 
12.50 05.7 
12.87 -0.22 04.0
12.96 05.5 
11.55 
12.92 o.oo 06.0
11. 66 12.0 
11.60 13.9 
11.73 11.0 
11.59 -0.02 07.5
11. 96 17.5 
11. 71 -0.10 09.2
10.21 -0.18 06.9 
10.36 01.2 
10.51 -c>' • .30 04.6 
9.97 03.9 
12.20 -0.12 08.0 
12.19 
12.52 05.9 
12.34 06.3 
10.74 
11.37 05.5 
10.24 04.2 
10.43 05.9 
12.14 10.0 
11. 71 -0 .10 14.0
11.88 -0.09 13.3 
12.25 07.0 
12.75 -0.13 12.0 
13.01 1 3. 0 
DISK 
COLOR CHLORQ DPTH 
I 
5Ye/2 1.8 
5 Y8(2. 1.5 
5Y8/4 1.3 
5Y8'2 
0.9 
2. 5 Y7/4 . 
5Y7/2 1.0 
5Y8/4 0.9 
2. 5 Y7/4 
5Y8/2 0.9 
5Y8f2. 1.0 
5Y&'2 
5Y8/2 
2.4 1.4
5Y8Q 1.3 
5Y8/2 2.0 1.4 
5Yf}"2 
2.5Yfy'4 2.0 1.3 
5Y&'2 
2.4 1.3 
5Y8/2 
5YW4 3.6 0.8 
2. 5 Y7/4 1.9 
5Y7/2 2.2 1. 1 
5Yf¥2 4. 1 0. "9
5Y8/4 5.9 0.8 
:, Y P/t 
SIZE 
MED MEAN 
3.1 3.2 
3.6 3.8 
2.9 3.2 
3.7 4.1 
2.5 2.6 
2.8 3.2 
3.8 4.3 
I-' 
0 
Appendix II. (Cont 1d.) 
SOURCE DATE 
. .
06 13/10/71 
06 13/10/71 
06 13/10/71 
06 14/10/71 
06 14/10/71 
06 14/10/71 
06 14/10/71 
06 14/10/71 
06 14/10/71 
06 14/10/71 
06 l'+/10/71 
06 14/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
07 12/1()/71 
07 12/10/71 
07 12/10/71 
07 12/10/71 
0 I 12/10/71 
07 12/1()/71 
07 12/10/71 
07 12/10/71 
07 U/10/71 
07 13/10/71 
- --- - -
TIME 
, _
l':3. 1 
13.2 
13.3 
11.9 
12.0 
12.8 
12. 1
12.4
12.5
12.6
12.7
12.7 
09.3 
09.5 
09.4 
09.5 
09.6 
09.6 
09.8 
09.8 
10.0 
11.' 
11. 5
11.6 
11. 7
11.7 
11.9 
11.9 
12.0 
09.4 
LAT LONG 
37 12.1 76 4/.4 
37 12.7 76 47.4 
37 13.2 76 47.6 
37 lS.7 76 52.8 
37 15.8 76 52.6 
37 11.1 76 47.0 
37 15.8 76 52.5 
37 13.3 76 47.3 
37 13.2 76 47.6 
37 12.7 76 47.4 
37 12.1 76 47.4 
- . .
37 11.5 76 47.1 
37 00.1 76 21.6 
37 00.2 7b 28.2 
37 00.2 76 28.2 
37 00.2 76 28.2 
36 59.6 76 29.1 
36 59.6 76 29.1 
36 59.0 76 29.8 
36 59.0 76 29.8 
36 58.2 76 30.7 
37 00.1 76 21.6 
37 00.2 76 2b.2 
37 00.2 76 28.2 
36 59.6 76 21.J.l 
36 59.6 7b 29.l 
36 59.0 76 29.8 
36 59.0 16 29.i:3 
36 58.2 76 30.7 
37 00.2 76 28.2 
DEPTH TEMP 
oo.o 20.00 
oo.o 20.20 
oo.o 20.00 
oo.o 21.00 
oo.o 20.80 
oo.o 20.80 
oo.o 21.10 
oo.o 21.40 
oo.o 20.40 
oo.o 20.80 
oo.o 21.00 
oo.o 21.20 
oq.o 18.00 
oo.o 19.00 
oo.o 19.00 
01.4 
oo.o 19.00 
04.5 
00.6 
oo.o 19.00 
oo.o 17.50 
oo.o 18.50 
oo.o 19.80 
01.3 
oo.o 20.00 
01.3 
oo.o 20.50 
00.8 
oo.o 18.50 
oo.o 19.50 
OPT SUSP DISK SIZE 
SALIN L.R. CCNC COLOR CHLORO DPTH MED MEAN 
17.7 5Y&'4 3.1 2.1 
00.57 15.8 
00.40 28.1 2. 5Y7/4 
00.14 08.0 2. 5Y7/4 3.6 
00.17 03�0 · 4. 9
00.79 +0.03 14.5 5Y8,,4 6.6 
5Y8/4 
00.32 -0.04 11.7 5Y&,'4 9.0 
00.46 +0.15 24.0 5YS'4 5.6 
00.54 14.0 6.1 
00.75 +0.05 12.7 5Y8/4 8.3 
00.66 +0.02 14.8 5Y8/t 9.7 
11. 43 +0.14 9.3 0.5 2.4 2.1
12.48 -0.33 5.1 4.2 1.4 2.4 2.8 
11. 95 -0.22 5.4 8.8 1.2 3.8 4.3 
12.76 -0.39 4.3 
11. 66 -0.10 4.6 0.9 
-·,
12.71 
12.46 22.2 0.6 3.1 3.9 
11.77 -0. 10 15.5 4.6 0.8 3.7 4.3 
11.49 -0.06 14.5 0.7 3.2 3.6 
11.39 -0.39 6.5 2.7 1.3 
11.86 7.5 3.9 
10.41 
.. 
-o".24 4.3 3.6 1.2 
10.85 8.0 4.2 3.8 
11.42 -0.04 15.0 3.7 0.8 
8.0 
11. 3 � -0.08 10.5 0.6 
13.11 -0.24 06.0 5Yfy2 1. 6 
I-' 
I-' 
Appendix II. (Cont'd.) 
SOURCE DATE 
07 14/10/71 
07 14/10/71 
07 14/10/ 11 
07 14/10/71 
07 14/10/71 
07 l't/10/71 
04 12/10/71 
04 12/10/71 
04 12/10/11 
04 12/10/71 
04 12/10/71 
04 12/10/71 
04 12/10/71 
04 1.2/10/71 
. -
Tifv'E 
12.0 
12.0 
12. 1 
12.1 
12.2 
12.2 
11.7 
11.9 
12.0 
12.1 
12.2 
12.3 
12.4 
12.5 
J 
LAT LONG 
36 59.6 76 2'1.1 
36 59.6 76 29.l 
37 00.2 76 28.2 
37 00.2 76 28.2 
37 00.7 76 27.6 
37 00.1 .76 21.6 
36 58.4 76 18.1 
36 58.9 76 lb.3 
36 5Y.2 76 18.6 
36 59.3 76 18.6 
36 59.4 76 18.7 
36 59.3 76 lb.7 
36 59.7 76 18.8 
37 00.4 76 19.l 
DEPTH TEfv\P 
oo.o 21.00 
01.2 
oo.o 21.00 
01.8 
oo.o 21.50 
01.5 
oo.o 20.40 
oo.o 20.10 
oo.o 20.00 
oo.o 20.00 
oo.o 20.40 
oo.o 20.10 
20.40 
oo.o 19.90 
' OPT SUSP 
SALIN LR. CONC COLOR 
12.36 04.0 5 Y &'2 
12.82 -0.44 06.0 5Y8/4 
12.58 02.5 5 Y8,,2 
13.76 04.0 5Y8'2 
12.37 02.0 
13.09 -0.43 os.o 
17.08 -0.37 05.7 
16.85 -0.34 03.4 
16.02 -0.32 02.1 
16.24 -0.29 06.6 
16.22 -0.33 06.1 
05.5 
17.60 -0.28 04.5 I 
CHLORO 
3.9 
4.6 
-2. 5
2.9
2.7
03.0 
03.9 
04.4 
03.2 
04.4 
06.4 
DISK SIZE 
DPTH MED MEfaN 
1.2 
l. 8
2.1 3.4 
1.5 3.3 3.5 
1.5 
1.5 
1.7 
1. 7 
1.8 
1.8 
1.6 
APPENDIX III 
MICROPLANKTON SPECIES COUNTS IN 
CELLS PER LITER, OCT, 12-14, 1971 
Actinoptychus undulatus 
Asterionella japonica 
Bellarochea malleus 
Biddulphia a�ternans. 
Biddulphia mobiliensis 
Ceratualina bergonii 
Cera ti um fuses 
Ceratium minutum 
Corethron hystrix 
Coscinodiscus excentricus 
Ditylum brightwellii 
Eucampia zoodiacus 
Guinardia flaccidia 
Leptocylirdrus danicus
Lithodesmium undulatum 
Nauplius larva 
Nitzschia paradoxa 
Oxytoxum histonius 
Peridinium depressum 
Peridinium leonis 
SPECIES NAMES 
Peridinium oblongum 
Peridinium ovatum 
Peridinium pallidum 
Peridinium subinerme 
·p1 eurosigma sp.
Polychaete veligar larva
Rhizosolenia fragilissima
Rhizosolenia stolterfothii
Skeletonema costatum
Stephanopyxis turris 
Streptotheca thamensis 
Thalassiosira sp. 
· Tintinid sp. 1
Tintinid sp. 2
Tintinid sp. 3
Tintinid sp. 4
Tintinid sp. 5
Tintinid sp. 6
Tintinid sp. 7
Tintinid sp. 8
APPENDIX IV 
STATISTICAL PROCEDURES FOR 
MICROPLANKTON ANALYSES 
APPENDIX IV 
Summary Explanation of Statistical Procedures Applied 
to Microplankton Data, Oct. 12-14, 1971, lower 
Chesapeake Bay 
The amount of data obtained in phytoplankto:1 analysis of whole 
commuruties at many stations prevents easy interpretation of relation­
ships between the stations. The problem is increased if there is 
little difference between stations. Multivariate analysis was used 
to present and interpret the data in simpler and more easily under­
stood formats. 
Eighteen multivariate analyses have been performed on th2 
Chesapeake Bay data,including Principal Components Analysis, Cluster . . 
Analysis, &Minimum Spanning tree analysis, in order to find the relation -
ships between microplankton communities sampled at different stations 
in the lower Bay, to determine if the communities may be used as water 
mass indicators, and to determine if the communities relate to water 
color differences. Of these analyses, the Minimum Spanning Tree (MST) 
is presented here, because it best represents the da'.:a. 
The phytoplankton data may be presented as point:s in an n-dimensional 
hyperspace with its axes defined by the n .species and with each station 
then being represented by a point in the n-space. The Minimum Spanning 
Tree is a single linkage network that described the shortest path 
connecting a nclo!ldn of points. The graphical display of the linkages 
between the stations and the lengths of the linkages makes it possible 
to determine the relative similarity between stations and groups of 
stations. The method has the added advantage that stations with 
1 
unusual characteristics (i.e., slightly different species counts) 
are still linked (at a distance) to the station most similar to it. 
This not on'ly shows that the station is an outlyer, but also 
suggests a relationship with the rest of the stations. However, a truly 
unrelated station will also be linked to the most similar station, 
so caution must be used when interpreting outlying stations. 
The MST for data from October 12 (Figs 1, 2) and 13 (Figs. 3, 4), 
show that the communities in the Thimble Shoals area are very similar, 
although there is a slight difference that can be related to the color 
boundary. The MST also indicates that Thimble Shoal waters are a 
mixture of different source waters i.e. James River, York River, 
and Central Bay waters (from the vicinity of York Spit Channel) and 
a general circulation pattern is SU£Jgested: Cape Charles - Central 
Bay - York River - Thimble Shoals - James River - Lower Bay - Cape 
Henry. Further, the· patchy character of plankton communities found 
points up the need for a very comprehensive sample coverage both in 
time and space before definite conclusions can be drawn from aerial 
photographs or even from classical sampling procedures. 
The further analysis is to be incorporated in a doctoral 
thesis by L. Castiglione and will be provided on request. 
2 
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Figure 1. Location of plankton stations, Oct. 12, 1971. 
15 
1318
18 \ 
·-\ •9
1 1615 •-•-•U•-•17 
14 ._ !I.E..'?-. 6
1
9 ./1 7 22 23.-�-- -------.32 
3 _ _____ l21
l24 
l20 ·-----.30
26 ··---------· 29
• 27
• 
Figure 2. Ms T network for data of Oct. 12, 1971.
relative distance rather than absolute units.
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APPENDIX V 
NOTE ON A SIMPLE MEANS FOR PREPARING AERIAL 
MOSAICS OF COLOR INFRARED PHOTOGRAPHS 
APPENDIX V 
Notes on a.Simple Means for Preparing Aerial Mosaics of Color Infrared 
Photography 
With more widespread use of color infrared photography there is 
an increased need to assemble photo mosaics. They serve as information 
products for presenting a complete pictorial view of large areas, A 
semi-controlled mosaic of the James estuary was assembled to produce 
a complete record of the seaward changing turbidity gradient from the 
river to the Chesapeake Bay (see Figure SA, a black and white repro­
duction of a color infrared mosaic). 
Conventional methods used for black and white photo:Jraphs cannot 
be used for color infrared because the prints a.re destroyed by water­
base adhesives (e.g. gum arabic and pastes) and rubber cement is not 
strong enough to hold the prints flat. Color prints have a great 
tendency to curl, especially when dried and heated OI' when feather 
cut and sanded along thin edges. Instead, the prints were la.id .in a 
base of rosin and wax on a 1/8 11 thick masonite board. The rosin
1 
gives
the mixture adhesive strength. Initially overlapping prints were 
assembled and images positioned to match a base cha.rt overlay scaled 
to the scale of the photography. Prospective straight-line cuts were 
selected to allow tones to match as closely as possible from print to 
print. Good tone matches of water areas are necessarily difficult to 
1 
Type N.F., Humco Laboratory, Texarkana, Ark. Tex. 
1 
achieve. After prints were pre-cut with a straight edge and razor, 
\ 
a warm (fluid) mixture of 30% resin and 70% bees wax was brushed on 
the masonite and spread thin and even in the area where the print was 
laid downo Prints were 11floated" in the warm wax and fitted into 
place by butting the edges. They were pressed down with a plastic 
/ 
I 
squeegee while the undersurface was heated to a very slight degree 
(about 95° F) on a hot plate. Gaps along edges,or marked tone changes, 
were covered with small patches of print sanded down nearly to the 
emulsiono The patches were laid in a thin coat of resin-wax mixture. 
Excess surface wax along all edges was removed by rubbing it lightly 
with a hot dry rag. 
A mosaic laid in the resin-wax mixture is more or less permanent 
if it is kept free of dessication and excess heat like the bright 
lights of a copy camera. 
2 
I-' 
Appendix III Microplankton species counts in cells per liter, Oct. 12-14, 1971. 
·- ····--· - -------
STA.l STA.2 STA.3 STA.4 STA.5 STA.6 
SPECIES CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
NAME LITER LITER LITER LITER LITER LITER 
ACTIN UNDULATUS o.oo o.oo o.oo o.oo 0,00 o.oo 
ASTER JAPOt-.ICA 31.74 o.oo c.oo 438.02 298.65 457.93 
BELLA MALLEUS 
BUDOU ALTERNANS o.oo o.oo o.oo o.oo o.oo o.oo 
BUDDU MOBILIENSIS o.oc 2.89 c.oo c.oc o.oo 9.96 
CERAT BERGCNII o.oo o.oo c.oo a.co o.oo 112.82 
CERAT FUSES o.oo o.oo o.oo c.oc o.oo o.oo 
CERAT MINUTUM o.oo o.oo o.oo a.co o.oo 3.32 
CORET HYSTRIX' o.oo ·o.oo o.oo 39.82 29.87 26.55 
COSCI EXCENTRICUS o.oo o.oo o.oo 6.64 6.64 23.23 
DITYL BRIGHTWELLII 5.77 5. 77 5. 77 139.37 109.51 159.28 
EUCAM ZOODIACUS o.oo o.oo o.oo c.oo o.oo o.oo 
GUINA FLACCIDIA o.oo o.oo a.co o.oo o.oo a.co 
LEPTO DANICUS o.oo o.oo o.oo 13.27 13.27 o.oo 
LITHO UNDULATUM -o.oo o.oo o.oo 19.91 9.96 33.18 
NAUPL LARVA o.oo o.oo a.co 6.64 3.32 66.37 
NITZC PARADCXA 86.57 o.oo o.oo c.oo a.co o.oo 
CXYTO HISTOI\IUS o.oo o.oo o.oo c.oo o.oo o.oo 
PERID DEPRESSUM o.oo o.oo o.oo o.oc o.oo o.oo 
PERID LECII.IS o.oo o.oo o.co o.oo o.oo o.oo 
PERID OBLCNGU,.. o.oc o.oo o.oo c.oc o.oo o.oo 
PERID OVATU,.. o.oo o.oo a.co c.oo o.oo 3.32 
PERID PALLIDU"° o.oo o.oo o.co o.oo o.oo o.oo 
PER ID SUB INERf,IE o.oc o.oo o.oo a.co o.oo o.oo 
PLEUR SP. o.oc o.co a.co a.cc o.oc 23.23 
POLYC VELIGAR LARVA o.oc u.oc c.oo 13,27 3.32 132. 73 
RHIZG FRAGILISSI,..A o.oc a.co c.cc a.cc o.oc o.oo 
RHIZG STCLTERFOTHII o.oc o.oo c.oo a.cc o.oo o.oo 
SKELE CCSTATUI' 129.85 178.90 138.5G 8342.29 5966.37 17102.10 
STEPH TURRIS o.oc o.oo c.oc c.oc o.oo o.oo 
STREP THAP'Ef'.;S IS o.oc o.oo -C. CO a.cc a.co 3.32 
THALA SP. 20.2c 0,00 c.oo 106,19 46.46 92.91 
TINTI SP. l o.oc a.co c.oa 26.5� 3,32 46.46 
TlNTl SP. 2 o.oc a.oo a.co 39,82 9.96 23.23 
TINT! SP. 3 o.oc a.cc c.cc 26.55 3.32 3.32 
TI NT I SP. 4 a.cc o.oo c.co c.cc 36.50 112,82 
TINTI SP. 5 o.oc o.oo a.au c.oc 3.32 3.3Z 
TINTI SP. 6 o.oc o.oo a.cc c.cc o.oo o.oo 
TINT! SP. 7 u.oc l). ('I 0 c.c� c.oc o.cc o.oo 
TINTI SP. 8 a.cc a.oo c.cc c.oo o.oo C' • 00 
STA.7 STA.8 STA.9 STA.10 
CELLS/ CELLS/ CELLS/ CELLS/ 
LITER LITER LITER LITER 
o.oo o.oo 3.32 o.oo 
550.84 424-. 75 338.47 355.06 
o.oo o.oo o.oo o.oo 
9.96 o.oo o.oo 3.32 
13.21 o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 
9.96 86.28 69.69 53 •. 09 
53.09 46.46 43.14 43.14 
305.29 584.03 504.39 471.20 
o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 
13.27 39.82 73.00 36.50 
33.18 33.18 33.18 13.27 
19.91 16.59 39.82 106.19 
o.oo o.oo o.oo o.oo 
o.oo o.oo o.oc o.oo 
o.oo o.oo o.oo o.oo 
o.oo o.oo o.oc o.oo 
o.oo o.oo o.oo o.oo 
3.32 o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 
33.18 19.91 23.23 9. 96
36.50 16,59 9.96 26,55 
o.oo 3.32 o.oo o.oo 
6.64 33.18 3.32 49.78 
13877 .27 6563.67 5302.70 4781,72 
o.oo 3.32 3.32 o.oo 
6.64 6.64 9.96 o.oo 
132.73 235.60 139.37 165.92 
26.55 73.00 43.14 13.27 
13.27 122,78 n.oo 53,09 
36.50 19.91 o.oc 6.64 
12.?. 78 159.28 534.25 557.48 
o.oo o.oo o.ac o.oo 
o.oo o.oo o.oc o.oe: 
o.aa o.aa o.oc o.oo 
o.oo o.ao o.oc o.oo 
rv 
Appendix II. (Cont 1d.) 
I 
SOURCE I 
ul 
(j 1 
03 
CJ�� 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
\) 3 
03 
o·.,., 
03 
03 
0 :� 
0·1 
03 
03 
03 
03 
03 
03 
03 
01 
03 
DATE 
lj/l0/71 
15/1(1/71 
12/10/71 
12/10/71 
12/10/11 
L�/lC/71 
12/10//1 
12/10/71 
L:/10/71 
lL/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/10/71 
12/1()/71 
lt:/10/71 
12/lC/71 
12/10/71 
12/10/71 
L:'./10/71 
12/10/71 
12/1()/71 
12/10/71 
lL.'./10/71 
L::'./ 10/71 
12/10/71 
12/10/71 
12/10/71 
lc/10/71 
TI 1"IE 
12.7 
1 3. 8 
11. 2
10.3 
10.4 
10.5 
10.5 
10.5 
10.6 
10.7 
10. 7 
1u.8 
10.8 
10.9 
10.9 
11. 1 
11. 2
11 • 1t 
1 l. 5 
l l. 6 
11. 7 
11. 7 
11. 8
11.8 
12.0 
12.0 
12.2 
12.2 
12.2 
12.3 
LAT LONG 
37 14.6 76 2:3.4 
37 14.6 76 2J.4 
37 01.9 76 15.3 
36 59.9 76 Od.1+ 
36 58.3 76 09.1 
36 59.9 76 11 • l 
37 00.2 '/6 l u. -) 
37 00.5 76 lU.8
37 01.2 76 1 L. 1 
37 02.5 76 11. 7 
37 00.1 76 12.3 
36 59.5 76 12.G 
37 00.4 76 13. 7 
37 01.7 76 13.l 
37 01.8 76 14. l 
37 00.9 76 14.6 
37 01.9 76 17.2 
·37 01.6 76 1 7.2
37 01.6 76 1 7. l
3 {) ::i e • 7 7 6 o r • 5
36 59.3 76 01.2
37 uo.2 76 u6.·J 
36 55.6 76 03.G 
36 56.8 76 03.3 
36 58.l 76 05.2 
36 58.8 76 04.9 
36 33.9 75 59.1 
36 54.u 75 se.7 
36 5':i.5 75 5b.2 
36 5':i.7 75 s·,.s 
DEPTH TEMP 
uo. 1 LJ.oO
00.1 2 G. ·-J v 
19.40 
00.0 1 'J. 30 
oo.o 19.55 
00. 0 1 tJ • Gu
00.0 19.30 
oo.o l '-i. 25 
CJC. 0 u�. c;o 
oc.ol l<i.O'J
oo.o 19. 70 
oo.u 19.60 
oo.o 19.70 
00. 0 1 B. -:30
oo.o 18. '-:3 0
oo.o l'J. 7'.J 
00. CJ 20.20
oo.o 1 J. 70
oo.o 20.05
ou.o 20.0':> 
ou.o 19. F.)
(j\.). u 19. ':h 
oc.o l 9. 6() 
oo.o 1';1.90 
oo.o 19.60 
oo.o 2 0. l '.? 
oo.u 2C.50 
oo.o 20. 3':i 
cc.u 28. lU
CC. 0 20.35
SALIN 
18.75 
20.45 
21.07 
20.58 
19. '� 7
20.54 
20.88 
20.60 
19.39 
18.91 
20.47 
19.40 
19.13 
19.67 
1 7. 2 J 
19.t'-'.) 
21. 26
22.23
21.72 
21.90 
22.50 
25.92 
22.9'1 
21. 8 7
OPT 
L.R. 
- .
-0.50
-0.43
I 
SUSP 
CONC 
. 9. 0 
2.B 
3.0 
7 • () 
7.3 
6.6 
3.0 
·3.0
2.9
0.3
4.3 
2.6 
2.6 
13.0 
.. 
3.6 
2.01 
8.0 
5.1 
3.7 
2 (). ,
3.3 
10.0 
8.0 
8.8 
7.6 
DISK SIZE 
COLOR CHLORO DPTH rvED MEAN 
l. 7 
l. 7 
l 0Yfy2 4.4 
5 Y 8,/li 4.4 
1 OYB(c 2.0 
2.5 
5 Ye/4 2.7 
5Y8'2 4.4 
5Y7/2 2.7 
3.7 
5Y8'4 2.2 
SY8/4 
5.1 
7. 5 Y8/6 
8. o I
7. 5 Y8/4
1 0 Y8/2 4.9
S Y7/2 
I I 
5 Y E}'2 I 
2.9 
1 OYPJ2 2.1 
l OY8'2 2.7 
2 5Y8·4 2.9 
5Y8;2 L•4 
7.5 
6.4 
7. 5 Yf/4 5. 1
4.9 
...---
Appendix III 
SPECIES 
NAME 
ACTIN UNOULATUS 
ASTER JAPONICA 
BELLA MALLEUS 
BUDDU ALTERNANS 
BUDDU MOBILIENSIS 
CERAT BERGCNII 
CERAT FUSES 
CERAT MINUTUM 
CORET HYSTRIX 
COSCI EXCENTRICUS 
l,,I DITYL BRIGHTWELLII 
EUCAM ZOODIACUS 
GUINA FLACCIDIA 
LEPTO DANICUS 
LITHO UNOULATUM 
NAUPL LARVA 
NITZC PARADOXA 
OXYTO HISTONIUS 
PERIO OEPRESSUM 
PERID LEONIS 
PERID OBLONGUlo' 
PERID OVATUM 
PERID PALLIDUP,, 
PER ID SUBI NERME 
PLEUR SP. 
POLYC VELIGAR LARVA 
RHIZO FRAGILISSIMA 
RHIZO STCLTERFOTHII 
SKELE COSTATUM 
STEPH TURRIS 
STREP THAMENSIS 
THALA SP. 
TINTI SP. 1 
TINTI SP. 2 
TINT! SP. 3 
TINTI SP. 4 
TINTI SP. 5 
TINT! SP. 6 
TINTI SP. 7 
TINTI SI'. 8 
conttd., Oct. 12, l97l 
STA.21 
CELLS/ 
LITER 
o.oo 
577.39 
9.96 
19.91 
36.50 
o.oo 
16.59 
119. 46 
132.73 
623.85 
6.64 
o.oo 
116.14 
49.78 
33.18 
o.oo 
o.oo 
3.32 
13.27 
o.oo 
o.oo 
o.oo 
o.oo 
6.64 
3.32 
o.oo 
59. 73 
8992.69 
26.55 
6.64 
713.44 
39.82 
43.14 
13.27 
112. 82 
6.64 
6.64 
o.oc 
o.oc 
. - -�--
STA.22 
CELLS/ 
LITER 
o.oo 
660.35 
o.oo 
6.64 
36.50 
o.oo 
13.27 
146.01 
92.91 
590.66 
3.32 
o.oo 
112 .  82 
53.09 
39.82 
o.oo 
3.32 
o.oo 
3.32 
o.oo 
o.oo 
o.oo 
o.oo 
3.12 
6.64 
o.oo 
73.00 
13256.75 
o.oo 
o.oo 
404.84 
79.64 
63.0'5 
29.87 
116.14 
3.32 
o.oo 
o.oo 
o.oo 
STA.23 
CELLS/ 
LITER 
3.32 
955.68 
23.23 
19.91 
o.oo 
o.oo 
36.50 
63.05 
215.69 
527.62 
3.32 
o.oo 
129.42 
66.37 
73.00 
o.oo 
9.96 
o.oo 
6.64 
o.oo 
3.32 
o.oo 
o.oo 
26.55 
142.69 
o.oo 
106.19 
12901.68 
6.64 
13.27 
756.58 
86.28 
92. 91
59. 73
165.92 
19.91 
9.96 
o.oo 
a.co 
STA.24 
CELLS/ 
LITER 
3.32 
1234.42 
23.23 
29.87 
13.27 
o.oo 
6.64 
132.73 
185.83 
686.90 
33.18 
o.oo 
209.06 
112. 82
13.21
o.oo 
o.oo 
9.96 
9.96 
o.oo 
o.oo 
o.oo 
c.oo 
19.91 
o.oo 
c.oo 
129.42 
13621.76 
6.64 
9.96 
1698.99 
36.50 
13.27 
33.18 
82.96 
6.64 
6.64 
c.oc 
c.oo 
STA.25 STA.26 STA.27 STA.28 STA.29 STA.30 
CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
LITER LITER LITER LITER LITER LITER 
6.64 o.oo 3.32 o.oo o.oo o.oo 
2140.33 826.27 793.08 978.91 3364.79 9526.94 
136.05 19.91 16.59 o.oo 84.62 o.oo 
262.15 79.64 106.19 106.19 174.21 428.07 
195.78 96.23 79.64 26.55 258.83 149.33 
o.oo 66.37 o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo ·o.oo 3.32 o.oo o.oo o.oo 
49.78 92.91 86.28 73.00 39.82 79.64 
278.74 155.96 155.96 92.91 174.21 308.61 
1367.15 1148.14 1055.23 756.58 3180.62 2986.50 
56.41 23.23 16.59 36.50 248.88 . 736.67 
19.91 6.64 6.64 o.oo 9.96 o.oo 
2870.36 1327.33 793.08 657.03 12901.68 3165.69 
122.78 106.19 132.73 109.51 139.37 99.55 
13.27 6.64 3.32 6.64 34.84 o.oo 
593.98 6.64 73.00 o.oo 144.35 o.oo 
9.96 o.oo 6.64 o.oo o.oo o.oo 
o.oo 6.64 o.oo 6.64 4.98 19.91 
o.oo o.oo o.oo 3.32 o.oo 9.96 
o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo 4.98 o.oo 
o.oo o.oo o.oo o.oo 4.98 o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
23.23 9.96 3.32 13.27 9.96 o.oo 
6.64 o.oo 9.96 6.64 4.98 o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
282.06 202.42 222.33 129.42 681.92 408.16 
23633.18 16903.60 2356.02 12384.02 72591.89 64349.14 
92.91 ' 3. 32 29.87 36.50 393.22 219.0l 
149.33 39.82 13.27 26.55 9.96 o.oo 
7744.99 5813.72 1908.04 1835.04 50770.52 44439.14 
6.64 19.91 9.96 9.96 14.93 19.91 
9.96 16.59 13.27 33.18 4.98 o.oo 
6.64 6.64 6.64 46.46 124.44 69.69 
63.05 16.59 23.23 155.96 9.96 o.oo 
6.64 o.oo 19.91 23.23 9. </6 9.96 
6.64 3.32 o.oo o.oo 4.98 o.oo 
o.oo 13.27 6.64 o.oo 9.96 19.91 
o.oo o.oo o.oo o.oo o.oo o.oo 
Appendix III cont'd., Oct. 12, l97l 
STA.31 STA.32 
SPECIES CELLS/ CELLS/ 
NAME LITER LITER 
ACTIN UNOULATUS o.oc o.oo
ASTER JAPCNICA 706.81 405.91 
BELLA MALLEUS o.oc o.oo
BUDOU ALTERNANS 29.87 o.oo
BUDDU MOBILIENSIS 29.87 19.48 
CERAT BERGCNII 89.60 6.64 
CERAT FUSES o.oo o.oo
CERAT MINUTU� 79.64 13.27 
CORET HYSTR IX 338.47 169.98 
COSCI EXCENTRICUS 1114.96 110. 04
DITYL BRIGHTWELLII 975.5<; 243.42
EUCAM ZOODIACUS 19.91 13.06 
GUINA FLACCIOIA o.oo o.oo
.i,. LEPTO DANICUS 4061.64 4001.91 
L ITHO UNCuLATUM 129.42 79.21 
NAUPL LARVA 59. 73 32.76 
NITZC PARADCXA o.oc o.oo
OXYTO HISTONIUS ·0.00 o.oo
PERIO DEPRESSUM o.oc o.oo
PERID LECNIS 69.69 o.oc
PERID OBLGNGUM 9.96 o.oo
PERID OVATUf'I o.oo o.oo
PERID PALLIOU"' o.oo o.oo
PERID SUBINERME o.oo o.oo
PLEUR SP. 9.96 o.oo
POLYC VELIGAR LARVA 19.91 25.90 
RHIZO FRAGILISSIMA o.oo o.oo
RHIZO STCLTERFOTHII 428.07 64.87 
SKELE COSTATUl'I 12284.47 6827.21 
STEPH TURRIS 19.91 6.64 
STREP THAf'IENSIS o.oo o.oo
THALA SP. 1622.67 721.47 
TINTI SP. 1 268.79 204.45 
TINTI SP. 2 29.87 6.64 
TINTI SP. 3 238.92 825.94 
TINTI SP. 4 288.70 92.06 
TINTI SP. 5 29.87 o.oo
TINTI SP. 6 119.46 71. 72
TINTI SP. 7 o.oc 39.61
TINTI SP. 8 o.oo o.oo
Appendix III. 
STA.l 
SPECIES CELLS/ 
NAME LITER 
ACTIN UNCULATUS o.oo 
ASTER JAPONICA 45.51 
BELLA MALLEUS 
BUOOU ALTERNANS 
BUDDU MOBILIENSIS 5.69 
CERAT BERGGNII 
CERAT FUSES 
CERAT MINUTUM 2.84 
CORET HYSTRIX 36.98 
COSCI EXCENTRICUS 68.26 
OITYL. BRIGHTWELLII 182.03 
EUCAM ZOCDIACUS 
V1 GUINA FLACCIOIA 
LEPTO DANICUS 
LITHO UNOULATUM 11:01 
NAUPL LARVA 31>.-98 
NITZC PARAOOXA 
OXYTO HISTCNIUS 
PERID OEPRESSUM 
PERID LEGNIS o.oo 
PERID OBLONGUM 
PERID OVATUP'
PERID PALLIDUM 
PER ID SUB I NERME o.oo 
PLEUR SP. 2.84 
POLYC VELIGAR LARVA 17 .07 
RHIZO FRAGILISSIMA 
RHIZO STCLTERFOTHII 
SKELE COST ATUf,' 
STEPH TURRIS 
STREP THA�ENSIS o.oo 
THALA SP. 48.35 
TINTI SP. 1 2.84 
TINTI SP. 2 8.53 
TINTI SP. 3 o.oc 
TI NT I SP. 4 133.68 
TINTI SP. 5 2.84 
TI NT I SP. 6 
TINTI SP. 7 
TINT! SP. 8 
(Cont'd). Oct l3, l97l. 
- -- ·- - -
STA.2 STA.3 
CELLS/ CELLS/ 
LITER LITER 
o.oo o.oo 
79.64 108.08 
2.65 5.69 
o.oo 14.22 
13. 27 2.84 
55.75 116.62 
313.25 � 
10.62 34.13 
-50�44 .-ilL02 
___ . o.oo ___ _ 2!._f!':t 
o.oo o.oo 
o.oo 5.69 
10.62 17.07 
o.oc o.oo 
45.13 122.30 
5.31 5.69 
61.06 25.60 
2.65 o.oo 
193.79 170.66 
o.oo a.co 
STA.5 STA.6 
CELLS/ CELLS/ 
LITER LITER 
o.oo o.oo 
96. 71 34.13 
22.75 14.22 
14.22 2.84 
5.69 2.84 
25.60 71.11 
463.62 250.30 -
36.98 Il.38 
17.07 51.20 
.!3• 5_3 O. OQ. ..
o.oo u.uu 
14.22 2.84 
22,75 56 .• 89 
c.oo o.oo 
176.35 56,89 
8.53 14.22 
31.29 48.35 
o.oc 2.84 
17.07 730. 98
2.84 a.co
STA. 7 
CELLS/ 
LITER 
o.oo 
104.88 
8.53 
98.13 
5.69 
14.22 
98.13 
503.79 - - ---·-- -
29�·51 
62.22 
. - --··- ·-
o .. ruL.
o.oo 
24.53 
14.22 
18.13 
49.06 
5.69 
178.83 
I 5.69 
25.24 
5.69 
332.07 
o.oo 
STA.8 
CELLS/ 
LITER 
o.oo 
386.82 
8.53 
36.98 
5.69 
19.91 
105.24 
534.73 
34:f3 
48.35 
1.i.38 
o.oo 
22.75 
11. 38 
28.44 
56.89 
5.69 
o.oo 
426.64 
o.oo 
22.75 
o.oo 
116.62 
2.84 
STA.9 STA.10 STA.11 
CELLS/ CELLS/ CELLS/ 
LITER LITER LITER-
5.69 o.oo o.oo 
314.29 258.83 253.14 
19.20 8.53 11.38 
19.91 5.69 
o.oo 8.53 o.oo 
44.09 19.91 19.91 
51.20 116.62 79.64 
54�8. 5_6_6�1 -�·_3}_, 
·-·---
6f:rs 42�66 45.51
96._Jl 54.04 ___ 2.L•_ 29_ 
5 ... 69 2 .. 84 _ _a. QQ_ 
4.98 o.oo o.oo � 36.98 34,13 
19.91 45.51 22.75 
o.oo 25,60 
5.69 34.13 
o.oo 5.69 
5.69 o.oo 2.84 
96. 71 361.22 238.92 
18.49 2.84 o.oo 
14.22 34.13 93.86 
2.84 8.53 2,84 
150.75 116. 62
o.oo 2.84
I 
I 
Appendix III cont'd., Oct. 13, 1971 
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STA.12 STA.13 STA.14 STA.15 STA.I 7 
SPECIES CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
NAME LITER LITER LITER LITER LITER 
ACTIN UNOULATUS o.oo o.oo o.oo 2.84 o.oo
ASTER JAPONICA 355.54 279.12 28.44 65.42 773.65 
BELLA MALLEUS - - - - -
BUDDU ALTERNANS 
BUDDU MOBILIENSIS 8.53 11. 38 o.oo 14-:-22 5·9. 73 
CERAT BERGONII o.oo o.oo o.oo 8.53 
CERAT FUSES 
CERAT MINUTUM 5.69 o.oo 31.29 5.69 153.59 
CORET HYSTRIX 22.75 8.53 o.oo 2.84 39.82 
COSCI EXCENTRICUS 76.80 84.19 42.66 65.42 836.22 
O'> DITYL BRIGHTWELLII 455.09 441.81 139.37 671.25 1789.06 
EUCAM ZOODIACUS 8.53 119.46 
GUINA FLACCIDIA 25.60 
LEPTO DANICUS 11.38 14.22 o.oo 25.60 
LITHO UNDULATUM 39.82 19.53 8.53 36.98 170.66 
NAUPL LARVA 39.82 14.03 221.85 207.63 113. 77 
NIT ZC PARADCXA 19.91
OXYTO HISTONIUS 
PERID DEPRESSUM 14.22 
PERID LECNIS o.oo 2.65 o.oo 5.69 48.35 -
PERID OBLONGUM 
PERIO OVATUp.!
PERID PALLIDUM 17.07 
PERID SUB1NER1'I.E o.oo o.oo o.oo o.oo o.oo
PLEUR SP. 56.89 33.18 2.84 19.91 8.53 
POLYC VELIGAR LARVA 5.69 5.69 116. 62 65.42 25.60 
RHIZO FRAGILISSIMA 25.60 42.29 o.oo 11.11 
RHIZO STOLTERFOTHII 85.33 0.53 8.53 292.96 
SKELE COSTATUM 
STEPH TURRI$ 8.53 5.50 o.oo 108.08 
STREP THAMENSIS 5.69 5.69 o.oo o.oo o.oo
THALA SP. 335.63 307.56 42.66 62.57 6843.35 
TINTI SP. l 8.53 8.53 o.oo 8.53 11.38 
TINTI SP. 2 79.64 30.34 88.17 113.77 39.82 
TINT! SP. 3 o.oo 8.34 o.oo o.oo 19.91 
TINT! SP. 4 116.62 84.57 887.42 509.13 82.48 
TINT I SP. 5 o.oo 5.69. o.oo -999.00 �84 
TI NT I SP. 6 
TINTI SP. 7 
TINT! SP. 8 
STA.18 
CELLS/ 
LITER 
o.oo
1501.21 - - - - -
·--rrr.64
11.95
378.29
11.95
298.65
2106.48
207.06 
31.86 
o.oo
103.53 
167.24 
31.86 
27.87 
35.84 
3.98 
7.96 
o.oo
o.oo
59.73 
7.96 
402.18 
51. 77 
o.oo
15466.09 
23.89 
31.86 
27.87 
51.77 
-- 7. 'l_(,i_ 
STA.19 
CELLS/ 
LITER 
o.oo
3489.23 
-zi.0. 88
19.91
124.44
44.80 
642.10 
2737.63 
517.66 
59. 73 
144.35 
189.15 
159.28 
557.48 
49.78 
74.66 
4.98 
69.69 
o.oo
o.oo
29.87 
49.78 
59. 73' 
751.60 
209.06 
44.80 
31184.33 
84.62 
9.96 
4.98 
109.51 
o.oo
STA.20 
CELLS/ 
LITER 
o.oo
2608.21 
109.51 
4.98 
99.55 
34.84 
681.92 
3001.43 
179 .19 
4.98 
59.73 
219.0l 
184.17 
328.52 
44.80 
64. 71
o.oo
74.66 
9.96 
o.oo
4.98 
49.78 
104.53 
691.87 
164.26 
o.oo
59086.87 
4.98 
14.93 
o.oo
44.80 
o.oo
STA.21 STA.22 
CELLS/ CELLS/ 
LITER LITER 
o.oo o.oo
3324.91 6814.20 . 
'.n3.41I 231!� 92 
o.oo o.oo
139.37 49.78 
24.89 o.oo
562.46 1134. 87 
3952.14 2528.57 
233.94 124.44 
o.oo 9.96 
o.oo 29.87 
248.88 89.60 
219.0l 114.48 
233.94 159.28 
34.84 4.98 
54.75 64.71 
4.98 4.98 
54. 75 39.82 
19.91 o.oo
4.98 o.oo
4.98 9.96
49.78 4.98
94.57 o.oo
627.11 791.42 
228.97 403.18 
19.91 29.87 
47087.17 55509.10 
4.98 4.98 
4.98 4.98 
o.oo 9.96 
89.60 84.62 
o.oo 9.96 
-.J 
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Appendix III cont'd., Oct. 13, l97l 
SPECIES 
NAME 
- --
ACTIN UNDULATUS 
ASTER JAPONICA 
BELLA MALLEUS 
BUOOU ALTERNANS 
BUODU MOBILIENSIS 
CERAT BERGONII 
CERAT FUSES 
CERAT MINUTUM 
CORET HYSTRIX 
COSCI EXCENTRICUS 
OITYL BRIGHTWELLII 
EUCAM ZOOOIACUS 
GUINA FLACCIOIA 
LEPTO D�NICUS 
LITHO UNDULATUM 
NAUPL LARVA 
NITZC PARADCXA 
OXYTO HISTCNIUS 
PERID OEPRESSUM 
PERID LEONIS 
PERID OBLONGUM 
PERIO OVATUM 
PERID PALLICUI' 
PERIO SUBINERME 
PLEUR SP. 
POLYC VELIGAR LARVA 
RHIZO FRAGILISSIMA 
RHIZO STCLTERFOTHII 
SKELE COSTATUM 
STEPH TURRIS 
STREP THAMENSIS 
THALA SP. 
TI NT I SP. 1
TI NTI SP. 2 
TINTI SP. 3 
TINTI SP. 4 
TINTI SP. 5 
TINTI SP. 6 
TINTI SP. 7 
TINTI SP. 8 
- � ·- 4 
STA.23 STA.24 
CELLS/ CELLS/ 
LITER LITER 
o.oo o.oo 
8899.77' 4340.38 
o.oo 14.93 
318.56 139.37 
o.oo o.oo 
4.98 o.oo 
49.76 59.73 
34.84 84.62 
900.93 1204.56 
4370.25 3170.67 
657.03 219.01 
o.oo 9.96 
443.00 1393.70 
84.62 99.55 
104.53 109.51 
39.82 24.89 
4.98 14.93 
29.87 54.75 
o.oo o.oo 
24.89 4.98 
o.oo 4.98 
o.oo o.oo 
o.oo 9.96 
o.oo 19.91 
49.78 44.80 
1149.80 796.40 
48351.45 40218.21 
194.12 54.75 
14.93 4.98 
37470.63 24044.65 
o.oo o.oo 
o.oc o.oo 
19.91 o.oc 
64.71 74.66 
o.oo o.oo 
o.oc o.oo 
564 
STA.25 
CELLS/ 
LITER 
o.oo 
1324.02 
o.oo 
174.21 
o.oo 
4.98 
266.79 
139.37 
1423.57 
1995.98 
74.66 
o.oo 
3036.28 
· 89. 60
104.53
o.oo 
9.96 
64. 71 
o.oo 
19.91 
o.oo 
o.oo 
4.98 
24.89 
o.oo 
652.05 
21343.53 
39.82 
o.oo 
6301.52 
19.91 
4.98 
4.98 
139.37 
o.oo 
14.93 
STA.26 STA.27 STA.28 STA.29 STA.30 STA.31 STA.32 
CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
LITER LITER LITER LITER LITER LITER LITER 
o.oo 3.98 o.oo o.oo o.oo o.oo 7.96 
955.68 325.53 354.40 294.67 1246.37 6052.64 5347.83 
o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
49.78 28.87 23.89 63.71 27.87 43.80 75.66 
o.oo o.oo o.oo o.oo 67.69 398.20 374.31 
9.96 o.oo o.oo o.oo o.oo 3.96 o.oo 
363.36 263.81 175.21 684.90 776.49 398.20 230.96 
383.27 113.49 135.39 159.28 67.69 43.80 67.69 
821.29 451.96 911.88 3046.23 744.63 414.13 461.91 
1294.15 436.03 485.80 657.03 465.89 1696.33 2301.60 
54.75 3.98 35.84 67.69 15.93 11.95 3.98 
o.oo o.oo o.oo 0�00 o.oo 31.86 o.oo 
14175.92 1199.58 1449.45 764.54 649.07 183.17 111. 50 
139.37 83.62 23.89 15.93 87.60 111. 23 175.21 
69.69 186.16 159.28 370.33 207.06 207.06 219.0l 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
17.92 o.oo o.oo o.oo o.oo o.oo 
19.91 53.76 35.84 67.69 99.55 3.98 7.96 
54.75 61.72 51. 77 91.59 91.59 79.64 155.30 
4.98 o.oo o.oo o.oo o.oo o.oo o.oo 
19.91 7.96 19.91 15.93 23.89 7.96 7.96 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
9.96 23.89 23.89 11.95 o.oo o.oo 11.95 
24.89 41.81 75.66 75.66 95.57 207.06 657.03 
34.84 9.96 o.oo o.oo 27.87 99.55 71.68 
353.40 91.59 430.06 195.12 123.44 39.82 87.60 
17309.76 1352.88 2504.68 4718 .67 11794.69 63015.17 80416.53 
84.62 o.oo 67.69 43.80 7.96 o.oo o.oo 
o.oo 4.98 o.oo 0�00 o.oo o.oo o.oo 
6550.39 2122.41 1529.09 3221.44 1079.12 2317.52 2807.31 
4.98 o.oo o.oo o.oo o.oo 3.98 95.57 
. 24. 89 o.oo 23.89 7.96 15.93 47.78 15.93 
9.96 16.92 7.96 19.91 3 .98· 19.91 19.91 
452.95 185.16 28,2.12 222.99 99.55 354.40 668.98 
o.oc o.oo o.oo o.oo 7.96 o.oo o.oo 
4.98 12.94 o.oo o.oo 15.93 3.98 11.95 
9.96 o.oo o.oo o.oo o.oo o.oo 
15.93 o.oo o.oo o.oo o.oo o.oo 
�;���J� 
APPElndi_x nI cont'd., Oct. 13, 1971 
SPECIES
NAME 
ACTIN U 
ASTER. J
NDULATUS
BELLA M
APONICA 
suoou A
ALLeus 
BUDDU 
L TERN ANS 
CERAT :
aa1LIENSIS 
CERAT /
RGCNI I 
uses CERAT MINurup,, CORET HYSTRIX COSCI EXCENTRICUS DITYL BRIGHTWELLIIEUCAH zooo1Acus GUINA FLACCIDIA LEPTO DANicus LITHO UNOULATUM NAUP.L LARVA NITZC PARAOCXA OXYTO HISTCNIUS PERID DEPRESSUM 
PERID LEONIS 
PERID 0BLONGUM 
PERID OVATUM 
PERID PALLIOUM 
PERID SUBINERME 
PLEUR SP. 
POLYC VELIGAR LARVA
RHIZO FRAGILISSIMA 
RHIZO STOLTERFOTHII
SKELE COSTATUM 
STEPH TUR RIS 
STREP THAMENSIS
THALA SP. 
TINTI SP. 1
T INTI SP. 2 
TINTI SP. 3 
TINT I SP. 4 
TINTI SP. 5 
TINTI SP. 6 
TINT I SP. 7 
TINTI SP. 8 
/ 
STA. 33 STA.34 
CELLS/ CELLS/ 
LITER LITER 
o.oo o.oo 
5155.36 2094.53 
o.oo o.oo
67.62 47.78 
525.86 63. 71 
o.oo o.oo
78.86 19.91 
15.69 31.86 
229.47 370.33 
1817.04 1732.17 
7.96 o.oo
15.62 o.oo
27.48 o.oo
229.16 91.59 
107.05 183.17 
o.oo o.oo
3.90 o.oo
3.90 15.93 
35.45 15.93 
o.oo o.oo
3.98 7.96 
o.oo o.oo
o.oc o.oo
3.90 3.98 
138.51 71.68 
186.06 15.93 
99.00 27.87 
88898.18 71676.03 
o.oo o.oo
o.oo o.oo
3203.01 2114.44 
19.83 3.98 
23.81 o.oo
35.45 7.96 
1103.40 254.85 
31.23 o.oo
o.oo o.oo
o.oo o.oo
o.oo o.oo
STA.35 STA.36 
CELLS./ CELLS/ 
LITER LITER 
o.oo o.oo
270.78 828.26 
o.oo o.oo 
o.oo 15.93 
19.91 15.93 
o.oo o.oo 
15.93 47.78 
19.91 67.69 
139.37 242.90 
445.98 641.10 
o.oo o.oo 
o.oo o.oo 
67.69 75.66 
19.91 51. 77 
171.23 127.42 
o.oo o.oo
o.oo o.oo
o.oo 11.95 
o.oo 7.96 
o.oo o.oo
o.oo o.oo
o.oo o.oo
o.oo o.oo
11. 95 19.91 
11. 95 63. 71 
o.oo 111. 50
31.86 15.93 
6737.55 14482.54 
o.oo o.oo
o.oo c.oc
521.64 1015.41 
o.oo 39.82 
19.91 19.91 
7.96 7.96 
338.47 175.21 
a.co o.oo
a.co 3.98 
o.oo o.oo
o.oo o.oo
i1 
SU.37 STA.38 STA.39 STA.40 STA.41 STA.42 
CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
LITER LITER LITER LITER LITER LITER 
o.oo o.oo o.oo o.oo o.ooo.oo
680.92 987.54 804.36 461.91 1099.03 481.82 
o.oo o.oo o.oo o.oo o.oo o.oo
7.96 3.98 ll.95 7.96 o.oo 3.98 
63. 71 31.86 91.59 o.oo 143.35 ll.95
o.oo o.oo 3.98 o.oo o.oo o.oo 
11.95 7.96 7.96 7.96 31.86 123.44 
'31.86 ll9.46 107.51 95.57 119. 46 55.75 
131.41 71.68 151.32 199.10 211.05 585.35 
453.95 362.36 708.80 565.44 569.43 1095.05 
o.oo 3.98 o.oo 7.96 o.oo o.oo 
o.oo o.oo o.oo 3.98 o.oo o.oo
19.91 31.86 63. 71 87.60 71.68 19.91 
11.95 35.84 39.82 35.84 31.86 75.66 
lll.50 167.24 183.17 334.49 215.03 318.56 
o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo o.oo o.oo o.oo o.oo 3.98 
o.oo 3.98 3.98 3.98 7.96 o.oo
o.oo o.oo o.oo o.oo o.oo o.oo
o.oo o.oo o.oo o.oo o.oo 3.98 
o.oo o.oo o.oo o.oo o.oo o.oo
o.oo o.oo o.oo o.oo o.oo o.oo
o.oo 3.98 11.95 15.93 3.98 3.98 
47.78 123.44 7.96 o.oo 167.24 171.23 
55.75 55.75 91.59 71.68 47.78 o.oo 
39.82 79.64 51.77 103.53 7.96 31.86 
10086.41 8282.56 11233.23 8636.96 7525.98 9230.28 
o.oo o.oo .Q.00 7.96 o.oo o.oo
o.oo o.oo o.oo o.oo o.oo o.oo
1019.39 577 .39 919.84 641.10 561.46 597.30 
19.91 15.93 11.95 43.80 31.86 31.86 
7.96 3.98 39.82 67.69 23.89 35.84 
3.98 o.oo 3.98 23.89 11.95 3.98 
99.55 67.69 135.39 577.39 147.33 159.28 
o.oo o.oo o.oo o.oo o.oo o.oo
7.96 o.oo 3.98 o.oo o.oo 7.96 
o.oo o.oo o.oo o.oo o.oo o.oo
o.oo o.oo o.oo o.oo o.oo o.oo
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STA.43 STA.44 STA.
45 STA.46 STA.47 STA.48 
STA.48 STA.50 STA.51 STA.52 
SPECIES CELLS/ CELLS/ CELLS/ 
CELLS/ CELLS/ CELLS/ CELLS/ 
CHLS/ CELLS/ CELLS/ 
NAME LITER LITER LITER 
LITER LITER LITER LITER 
LITER LITER LITER 
ACTIN UNOULATUS o.oc o.oo o.oo 3.98 
o.oo o.oo o.oo o.oo o.oo
o.oo
ASTER JAPONICA 274.76 521.64 6207.94 
1063.19 2040.78 9676.26 6102.42 
8901.99 5505.12 9885.32
BELLA MALLEUS 
BUDDU ALTERNANS o.oc o.oo o.oo c.oo
o.oo o.oo o.oo o.oo o.oo
74.66 
BUODU MOBILIENSIS 7.96 7.96 67.69 
15.93 89.60 418.11 567.44
 407.05 627.17 1493.25 
CERAT BERGCNI I 3.98 o.oo 91.59 o.oo 
24.89 o.oo 9.96 o.oo o.oo
o.oo
CERAT FUSES o.oo o.oo o.oo o.oo 
o.oo 79.64 o.oo o.oo o.oo
o.oo
CERAT MINUTU� 7.96 23.89 238.92 
63. 71 517.66 1065.19 348.43 
362.80 29.87 29.87 
CORET HYSTRIX 47.78 ,123.44 
338.47 199.10 34.84 49.78 
69.69 150.43 69.69 29.87 
easer EXCENTRICUS 282.72 339.47 728.71 95.57 
1707.28 1184.65 1672.44 1619.35 
209.06 44.80 
DITYL BRIGHTWELLII 533.59 1015.41 
1791.90 1803.85 4076.57 5773.90 
5116.87 5353.58 5266.20 4823.20 
EUCAM ZOODIACUS o.oc 7.96 23.89 
c.oo 4.98 517.66 547.53 168.13 
477. 84 701.83 
l!) 
GUINA FLACCID1A o.oc o.oo 31.86 
o.oc o.oo 79.64 9.96 11.10 
79.64 283.72 
LEPTO DANICUS 75.66 123.44 45
3.95 59. 73 59.73 746.63 
39.82 79.64 49.78 5569.82 
LI THO UNDULATUM 51.77 55.75 
326.52 115.48 243.90 338.47 
517 .66 221.22 338.47 149.33 
NAUPL LARVA 234.94 306.61 242.90 
79.64 253.85 238.92 139.37 
221.22 129.42 89.60 
NIT ZC PARAOOXA o.oo o.oo c.oo o.oo
o.oo 278.74 19.91 o.oo 288.70 
582.37 
OXYTO HISTONIUS o.oc o.oo o.oo
o.oo o.oo o.oo 29.87 
35.40 59. 73 14.93 
PERID DEPRESSUM 3.98 o.oo 31.86 
3.98 14.93 o.oo 19.91 8.8
5 29.87 104.53 
PERID LECNIS 3.98 3.98 35.84 
11. 95 49.78 79.64 79
.64 97.34 89.60 
14.93 
PERID OBLONGUr,1. o.oo o.oo a.co o.oo
o.oo o.oo o.oo o.oo
o.oo 14.93 
PERID OVATUM o.oo o.oo 3.98 o.oo 
29.87 119.46 99.55 159
.28 29.87 o.oo
PERID PALLIOUM o.oc o.oo o.oo c.oc
o.oo o.oo o.oo o.oo
o.oo o.oo
PERIO SUBlNERME o.oc o.oc c.oo c.oo
o.oo o.oo o.oo o.oo
o.oo o.oo
PLEUR SP. 3.98 3.98 o.oc 3.98
4.98 o.oo o.oo o.oo
o.oo o.oo
POLYC VELIGAR LARVA 31.86 103.5
3 159.28 290.69 243.90 
308.61 149.33 247.77 
587.35 74.66 
RHIZO FRAGILISSIMA o.oo 11.95 43.80 11.95 
o.oo o.oo o.oo o.oo
o.oo o.oo
RHIZO STOLTERFOTHII 19.91 o.oo 350.42 
39.82 532.59 985.55 
826.27 637.12 1622.67 5525.03 
SKELE COSTATUM 5996. 89 11022.18 
79328.10 20698.44 107553.87 146298.7
5 153466.34 138255.09 271413.2
5 200812.34 
STEPH TURRIS o.oo o.oo o.oo 
19.91 119.46 467.89 
457.93 230.07 388.25 
373.31 
STREP THAMENS IS o.oc o.oo o.oo 
o.oo o.oo 29.87 49.78 115.04 
9.96 74.66 
THALA SP. 386.25 557.48 2695.81 
1361.84 79878.95 101142.84 1038
50.60 76374.79 159678.28 137020.
68
TINT I SP. l 47.78 23.89 
11.95 47.78 14.93 39.82 
o.oo o.oo 39.82 14.93 
TINT! SP. 2 87.6C 63. 71 
107.51 222.99 29.87 39.82 
59.73 35.40 99.55 
74.66 
TINTI SP. 3 o.oo o.oo 19.91 
19.91 54.75 o.oo o.oo 17. 70
59.73 14.93 
TINTI SP. 4 796.4C 712. 78 107.51 
1322. 02 243.90l 248.88 
248.88 353.96 617.21 477. 84
TINTI SP. 5 o.oc 19.91 11.95 
99.55 313.58 228.97 
109.51 309.71 348.43 
74.66
TINTI SP. 6 o.oc 11.95 19.91 15.93 
o.oo o.oo o.oo o.oo 
o.oo 0.-00-
TINT! SP. 7 o.oo o.oo 7. 96 c.oo
o.oo o.oo o.oo o.oo 
o.oo o.oo
TINTI SP. 8 o.oc o.oo o.co
o.oc o.oo o.oo o.oo o.oo
o.oo o.oo
Appendix III cont td., Oct. 13, 1971 
STA.53 STA.54 STA.55 STA.56 
SPECIES CELLS/ CELLS/ CELLS/ CELLS 
NAME LITER LITER LITER LITER 
ACTIN UNOULATUS o.oc o.oo o.oo o.oo
ASTER JAPONICA 7583.16 4434.95 8153.15 4106.44 
BELLA MALLEUS 209.06 o.oo o.oc
BUDDU ALTERNANS o.oo o.oo o.oo 731.69 
BUDDU MOBILIENSIS 591.47 686.90 821.29 671. 96
CERAT BERGCNII o.oo o.oo o.oo o.oo
CERAT FUSES o.oo 29.87 a.co o.oo
CERAT MINUTUM 59.37 89.60 14;93 74.66 
CORET HYSTRIX 73.93 14.93 74.66 44.80 
COSCI EXCENTRICUS 74.30 119.46 328.52 74.66 
DITYL BRIGHTWELLII 4427.67 3419.54 3434.48 1986.02 
EUCAM ZOCCIACUS 712.75 134.39 223.99 657.03 
I-' 
GUINA FLACCIOIA 88.87 89.60 104.53 209.06 
0 LEPTO DANICUS 1038.72 ·3270.22 1015.41 3270.22 
L ITHO UNOULATUM 399.54 74.66 209.06 149.33 
NAUPL LARVA 148.60 59.73 119.46 74.66 
NITZC PARAOOXA 352.92 283.72 c.oo 552.50 
OXYTO HISTGNIUS 14.93 14.93 29.87 29.87 
PERID OEPRESSUM o.oo 14.93 14.93 44.80 
PERID LECNIS 102.11 29.87 89.60 14.93 
PERIO OBLONGUM o.oo 59.73 14.93 59. 73 
PERIO OVATUM 118.00 14.93 59. 73 59.73 
PERID PALLIOUM o.oo o.oo o.oo 14.93 
PERID SUBINERME o.oo o.oo o.oo o.oo
PLEUR SP. o.oo o.oo 14.93 14.93 
POLYC VELIGAR LARVA 3271.31 179.19 3031.30 627.17 
RHIZO FRAGILISSIMA o.oo 29.87 o.oo 179.19 
RHIZO STCLTERFOTHII 1393. 82 5495.16 3792.86 9183.49 
SKELE COSTATUM 251343.93 85374.12 213236.18 60446.78 
STEPH TURRIS 565.61 373.31 328.52 298.65 
STREP THAMENSIS 14.93 74.66 ll 9. 46 29.87 
THALA SP. 134034.18 149703.34 181340.34 133197.96 
TINT I SP. 1 149.33 o.oo o.oo 29.87 
TINTI SP. 2 311.40 74.66 238.92 89.60 
TINTI SP. 3 73. 21 o.oo 14.93 o.oc
TINTI SP. 4 696.36 253.85 925.82 403.18 
TINTI SP. 5 340.53 104.53 209.06 14.93 
T INTI SP. 6 o.oo o.oo o.oo o.oo
TINTI SP. 7 o.oo o.oo o.oo o.oc
TINTI SP. 8 o.oo o.oo 0�00 o.oo
-, 
Appendix III. (Cont'd). Oct l4, l97l. 
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STA.I STA.2 STA.3 STA.4 STA.5 STA.6 STA.7 STA.8 STA.9 STA.IO 
SPECIES CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
NAME LITER LITER LITER LITER LITER LITER LITER LITER LITER LITER 
ACTIN UNDULATUS o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oc o.oo 
ASTER JAPONICA 1844.99 3225.42 3636.89 2560.19 49267.31 50264.23 53518.10 36884. 71 26360.85 30183.57 
BELLA MALLEUS o.oo 26.55 a.co o.oo 99.55 132.73 106 .19 o.oo 102. 76 o.oo 
BUDDU ALTERNANS 232.28 756.58 1035.32 197.54 298.65 809.67 623.85 182.67 175.82 186.66 
BUDOU MOBILIENSIS 46.46 86.28 132. 73 12.49 597.30 464.57 3 71. 65 314.77 313.10 236.43 
CERAT BERGCNII 19.91 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CERAT FUSES o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
CERAT MINUTUM o.oo o.oo 6.64 o.oo 29.87 53.09 13.27 o.oo o.oo 12.44 
CDRET HYSTRIX 86.28 265.47 119.46 156.94 59. 73 79.64 o.oo 247.14 100.75 ·124.44
COSCI EXCENTRICUS 53.09 212.37 265.47 94.87 915.86 517.66 597.30 91.65 289.02 124.44
DITYL BRIGHTWELLII 1161.42 1665.80 1951.18 1738.42 3165.69 2774 .13 2535.21 2953.00 2475.10 2115.44 
� EUCAM ZOCDIACUS 152.64 398.20 365.02 234.63 388.25 1685.71 1818.45 1175.64 638.65 1020.39 
GUINA FLACCIDIA 6.64 13.27 39.82 19.13 49.78 13.27 26.55 o.oo o.oo o.oo 
LEPTD DANICUS 2030.82 6265.02· 6782.68 3050.13 48049.48 37499.08 26599.77 29421.30 20786.05 27157.25 
L ITHD UNDULATUM 112. 55 199.10 199.10 99.94 169.24 92.91 119.46 52.46 38.13 49.78 
NAUPL LARVA 19.91 39.82 59.73 77 .30 19.91 26.55 13.27 25.91 38.54 12.44 
NITZC PARAOOXA o.oc o.oo o.oo o.oo 228.97 477.84 172.55 339.42 190.27 161.77 
OXYTD HISTCNIUS o.oo 6.64 o.oo 6.64 o.oo o.oo o.oo o.oo o.oo o.oo 
PERID DEPRESSUM o.oo o.oo c.oo o.oo 9.96 o.oo 26.55 12.64 12.85 o.oo 
PERID LECNIS o.oo o.oo o.oo o.oo 59. 73 39.82 53.09 39.19 38.13 49.78 
PERID OBLONGUl'I o.oo o.oo o.oo c.oo o.oo o.oo o.oo 12.64 12.85 o.oo 
PERID OVATU,.. o.oo o.oo o.oo o.oo 49.78 39.82 39.82 o.oo o.oo o.oo 
PERID PALLIDUM o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PER ID SUB I NERME o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PLEUR SP. o.oc o.oo o.oo o.oo 9.96 13.27 26.55 o.oo 12.85 o.oo 
POLYC VELIGAR LARVA 6.64 13.27 19.91 49.19 49.78 26.55 o.oo o.oo o.oo o.oo 
RHIZD FRAGILISSIMA o.oc o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
RHIZD STCLTERFOTHII 185.83 285.38 491.11 112. 55 1493.25 1141 o 51 1314.06 880.46 926.46 945.73 
SKELE COSTATUM 35957.47 49058.26 71875.12 32532.95 139104.59 87148.95 83303.48 78798.12 61800.66 61004.26 
STEPH TURRIS 26.55 13.27 179.19 63.24 318.56 597.30 650.39 481.00 349.63 360.87 
STREP THA,..ENSIS o.oo 13.27 o.oo 24.99 179.19 146.01 79.64 12.64 50.98 49.78 
THALA SP. 9364.34 20056.0l 31577.27 11269.06 90656.90 34950.59 30422.49 32606.90 17441.17 16326.21 
TINTI SP. 1 o.oc o.oo c.oo 19.13 49.78 39.82 o.oo o.oo 24.89 o.oo 
TI NT I SP. 2 6.64 o.oo o.oo o.oo 19.91 o.oo o.oo o.oo. o.oo o.oo 
T INTI SP. 3 33.18 26.55 33. ld 6.64 o.oo , 26.55 26.55 12.64 o.oo o.oo 
TINT! SP. 4 13.27 73 .oo 53.09 162.40 169.24 172.55 53.09 103.66 49.78 24.89 
TINTI SP. 5 o.oc o.oo 6.64 5.86 29.87 o.oo o.oo 12.64 o.oo o.oo 
TINTI SP. 6 13. 27 o.oo c.oo c.oo o.oo o.oo o.oo 13 .27 o.oo o.oo 
TINTI SP. 7 6.64 o.oo a.co c.oo 19.91 o.oo 13.27 o.oo o.oo o.oo 
TI NT I SP. 8 o.oc o.oo c.oo c.oo o.oo o.oo o.oo o.oo o.oo u.oo 
Appendix III cont 1d., Oct. 14, 1971 
STA.11 STA.12 STA.13 STA.14 STA.15 STA .16 STA.17 STA.18 STA.19 STA.21 
SPECIES CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ CELLS/ 
NAME LITER LITER LITER LITER LITER LITER LITER L ITFR LITER LI TFR 
ACTIN UNDULATUS o.oo o.oo 6.64 5.69 o.oo o.oo o.oo o.oo o.oo o.co 
ASTER JAPONICA 30780.87 2101.12 1612.20 1285.62 532.07 472.50 858.97 381.13 1297.47 537.57 
BELLA MALLEUS 19.91 o.oo 0.06 o.oo o.oo o.oo o.oo o.oo o.oo 16.59 
BUDDU ALTERNANS 145.46 o.oo c.oo o.oc o.oo 42.20 o.oo o.oo 39.82 3.32 
BUDDU MOBILIENSIS 290.71 46.46 o.oo ll. 38 o.oo 5.69 8.53 5.69 26.55 13.27 
CERAT BERGCNII 6.53 53.09 85.26 34.13 11.38 o.oo o.oo o.oo o.oo 3.32 
CERAT FUSES o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
CERAT MINUTU"4 52.98 o.oo 0. 00 c.oo ll .00 o.oo o.oo 2.84 13. 27 3.32
CORET HYSTRIX 72.68 99.55 51.56 85.33 127.04 70.29 25.60 45.51 219.01 82.96 
COSCI EXCENTRICUS 382.75 06.37 183.27 91.02 67.13 97.45 102.39 173.50 338.47 63.05 
DITYL BRIGHTWELLII 3460.42 856.13 686.64 415.27 413.37 517.04 529.04 381.13 1267.60 623.85 
EUCAM ZOCDIACUS 759.63 26.55 38.29 11.01 o.oo o.oo o.oo 2.84 16.59 9.96 I\) 
GUINA FLACCIDIA 33.18 o.oo o.oo c.oo o.oo o.oo o.oo o.oo o.oo o.oo 
LEPTO DANICUS 22060.29 676.94 515.62 329.94 260.16 233.15 136.53 113. 77 550.84 169.24 
LITHO UNDULATUM 79.64 132.73 109.25 34.13 54.61 22.52 22.75 8.53 86.28 29.87 
NAUPL LARVA 46.35 106.19 111. 29 164.97 216.55 247.84 221.85 113. 77 36.50 139.37 
NITZC PARADOXA 92 .37 o.oo c.oo o.oc o.oo o.oo o.oo o.oo o.oo o.oo
OXYTO HISTCNIUS o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
PERID DEPRESSUM 13.16 o.oo o.oo o.oc o.oo o.oo o.oo o.oo o.oo o.oo
PERID LEOt\lS 13.16 o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 3.32
PERID OBLONGUM o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
PERID OVATUM o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
PERID PALLIDUM o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
PERID SUBINERME o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
PLEUR SP. o.oo o.oo 13.27 11. 38 5.69 o.oo o.oo 11.38 6.64 . o.oo 
POLYC VELIGAR LARVA 26.55 59. 73 117. 93 238.92 387.20 283.42 455.09 68.26 23.23 13. 27
RHIZO FRAGILISSIMA o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo
RHIZO STCLTERFOTHII 971.89 59. 73 51.05 5.69 28.44 8.18 2.!J.44 8.53 66.37 36.50 
SKELE COSTATUM 82546.89 38545.77 18867.45 11189.42 8561.30 6470.75 8342.29 5654.44 13279.97 8083.46 
STEPH TURRIS 317.04 19.91 o.oo 5.69 11.00 27.98 o.oo o.oo 6.64 3.32 
STREP THA"ENSIS 59.51 o.oo 6.64 17. 07 o.oo o.oo o.oo 2.84 3.32 9.96 
THALA SP. 43085.25 1314.06 1596.88 415.27 344.35 363.21 423.80 492.06 1878.18 955.68 
TI NT I SP. l 59.08 79.64 58.20 51.20 100.12 73.25 65.42 19.91 13. 27 23.23 
TINT! SP. 2 o.oc 19.91 44.93 51.20 190.38 106.21 71.11 76.80 39.82 66.37 
TI NTI SP. 3 19.80 o.oo 6.64 o.oo 22.38 2.84 2.84 2.84 o.oo S.96
TINT! SP. 4 33.18 39.82 51.05 79.64 73.19 196.65 304.34 275.90 76.32 268.79 
rINTI SP. 5 6.53 o.oo o.oo o.oc o.oo o.oo o.oo o.oo o.oo o.oo
TINT! SP. 6 13.27 o.oo 6.64 5.69 o.oo 5.45 o.oo o.oo 6.64 o.oo
TINT! SP. 7 o.oo o.oo o.oo o.oc o.oo o.oo o.oo o.oo o.oo o.oo
TINTI SP. 8 o.oo o.oo c.oo o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
-- " 
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STA.22 STA.23 STA.24 
STA.25 STA.26 sTA.27 
SPECIES CELLS/ 
CELLS/ CELLS/ CELLS/ 
CELLS/ CELLS/ 
NAME LITFR 
LI fffl. LI TEr{ LITER LITE
R LITER 
ACTIN UNDULATUS o.oc o.oo
o.oo c.oc o.oo o.oo
ASTER JAPCNICA 510.44 
302.06 3056.95 167.24 
685.87 383.44 
BELLA MALLEUS o.oc o.oo
a.cu c.oo o.oo o.oo
dUDDU ALTERNA1'.S
12.25 5.11 a.co c.oc
o.oo o.oo
BUDOU MCBILIENSIS
5.91 16.69 30. 63 
o.oc o.oo 3.06
CERAT BERGCNII o.oo o.oo
c.oo o.oo o.oo o.oo
CERAT FUSES o.oc o.oo
o.oo 4.98 o.oo o.oo
CERAT MINUTUf,I
o.oo o.oo o.oo o.oc
3.32 o.oo
CORET HYSTRIX
133.03 36.22 226.67
29.87 62.03 10.11 
easel EXCENTRICUS 211.57 
52.33 55.14 60.39 368
.59 97.74 
D[TYL BRIGHTWELLII
912.80 505. 90 784.15
394.22 744.07 405.39 
fUCAM ZOCCIACUS o.oo o.oo
6 .13 a.co o.oo 18.38 
I-' GUINA FLACCIDIA
o.oo o.oo o.oo o.oo 
o.oo 3.06 
l,l LEPTO DANICUS
236.08 85�71 790.27 
136.38 118.44 304.45 
LITHO UNCULATUI-'
59.29 13.65 98.02 
c.oc 49.78 18.24 
1'.AUPL LARVA 
86.86 200.43 67.39 2
18.35 221.56 61.08 
t,,;JTZC PARACCXA
o.oc o.oc o.oo c.oo
o.oo o.oo
OXYTC HISTCt-.:IUS
o.oc o.oo o.oc a.oo
o.oo o.oo
PERID DEPRESSU�I
o.oo o.oo a.co a.cc
o.oo o.oo
1-'ERID LECi\lS 
o.oc o.oo 12.25 c.oo
o.oo 3.06
PER ID 0BLCI\GU1" o.oa
o.oc o.oo c.oc o.oo
o.oo
i'ER ID OVA TUtJ 
o.oc 2.84 c.oo o.oc
a.co o.oo
PERID PALLICUtJ
o.oc o.oo c.oo a.cc
o.oo o.oo
1-'ERID Sl.JP.INERl-'i:
o.oc o.oc c.oo c.ou
o.oo o.oo
PLEUR SP. 3
.06 0.ou 24.5G 9.96
a.co 3.02
rCLYC VELIGAR LARV�
210.04 44.94 42.Bb
95.24 23bob2 63.67 
�HIZO FRAGILISSll-'A
o.oc o.oo c.co c.oo
Q.00 o.oo
�HIZO STCLTERFCTHll
12.25 0. (1() 67.39 
c.cc 9.70 9.05
SKELE CCSTh1UtJ 13339.7C 
7764.81 4.3563.0'i 6243.11 
11368.61 18396.85 
STEPH TURk.lS o.oc o. re
6. 13 c.co o.oo 9.05 
S T RE P 1 H Al' E r, S I S 3.Ct
':>. c;:i 18.3!:l c.oc 3.06 
o.oo
THALA SP. 1202.48 
372. B 9Jl.lb 16e�24 
431.38 "> 77 .6'-J 
l I lllT I SP. 1 
79.20 J5.84 42.Bb 
40.48 77. 60 15.27 
l I NT I s p. 2 75. 4 fl 50.44
104.14 65.70 81.17
78.90 
TINT! SP. 3 
b 1. 3c; 5.50 6. 13
c.cc 21. 7,0 6.08 
TJNTI sf'. 4 237.17 
412.42 183.7b 529.94 543
.44 457.42 
l I NT I SP. 5
(J. oc 0. oc.: c.cc c.cc
o.oo o.oc
TINT! SP. b 
5,91 o.oo 6,13 c.cc
3.0b 3.06
TJNTI SP, 7 
o.oc 0,00 0, 00 c.oc
o.oo o.oo
T IIH I Si'. 
C. t�C o.oc c.co c.oc
o.oo o.oo
pd .. . .. . . . 
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Dynamic features of coastal waters can be detected and monitored in 
sequential photography by: (1) pattern interpretation, (2) simple com­
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rents or where water masses of different orig:in meet. Color changes were 
partly due to sediment concentration differences and were sometimes 
manifest by microplankton community changes, but the relationships are 
complex and variable. 
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